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Executive Summary

Executive Summary
The National Renewable Energy Action Plan for Ireland has detailed that 40% of
Irelands total energy consumption from the electricity sector must come from
renewable sources by 2020. In 2012 this figure was at 11.4%, it is unlikely these
targets will be met by 2020. The important role that hydro power can play in
achieving these targets was examined. Research into hydropower in general was
carried out in order to attain an understanding of the principles and terminology used.
Many traditional hydro schemes have been previously developed in Ireland. However
due to increased population, there are no longer suitable locations where large scale
Hooding for reservoir creation will not have significant negative environmental
impacts. As pumped schemes using seawater require a much smaller reservoir
footprint they were selected as having the most potential. Ireland has significant wind
energy resources, combining this with pumped hydro scheme allows for the excess
wind energy to be stored rather than wasted. As the objective of this research is to
investigate whether such plants are a viable option for Ireland when considering the
possible environmental impacts, an environmental study was undertaken.

A weighted points system was developed, allowing for possible sites to be assessed,
the weighting of each criteria reflects its importance to the schemes success. From this
analysis a site at Glanlough Co. Kerry was deemed to have the highest potential.
Environmental analysis undertaken at the site revealed its isolated location resulted in
minimal impacts on the local population. In fact during construction it would be
expected to benefit the local economy. The most significant environmental effects
would stem from the impacts on the regions flora and fauna, specifically the protected
species located within the two protected areas upon which the site would impede.
Various mitigation measures were proposed to combat these effects, the completed
report was sent to the National Parks and Wildlife Service to be reviewed. The
feedback received indicated the proposed mitigation measures would be adequate,
however on site surveys would be required to verify the qualitative analysis presented
in this project.
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1.0

Introduction

1.1.

Background

Introduetion

Hydropower is the renewable energy which is contained in flowing water. For
thousands of years societies have been harnessing water to perform various tasks.
More than 2,000 years ago the Greeks utilised water to power water wheels to help
with tasks such as grinding wheat, sawing wood and powering textile mills. French
hydraulic and military engineer, Bernard Forest de Belidor is widely credited with
establishing the basis on which the modem hydropower turbine is based in the mid1700. Turbines continued to develop, and in 1800 the first hydroelectric plant was
commissioned in Grand Rapids, Michigan. A water turbine was used to provide a
theatre and a storefront with lighting. In 1801 a larger hydroelectric station was
commissioned in Niagara Falls, Canada which was used to power the city’s street
lights.

The electricity which

is generated by hydropower

is

branded

as

hydroelectricity (U.S. Department of Energy, 2011). This initial commercial use
proved to be a catalyst for a period which saw rapid development in the hydropower
industry. By the 1940’s nearly 40% of the USA’s energy was supplied by hydropower
(Sherman, 2004). The Ardnacrusha hydropower scheme became Ireland's first large
scale use of hydropower. It was developed in 1929 and is situated on the River
Shannon. The development cost the state circa £6 million, which was approximately
one third of the Ireland's annual budget. At the time is was capable of meeting the
entire national electrical demand (Colleran, 2014). Between 1929 and 1973 several
more hydropower developments took place in Ireland with the Electricity Supply
Board (ESB) currently operating 30 dams on five rivers (International, 2011). Ireland
currently has one Pumped Hydro Energy Storage scheme (PHES) in operation, this is
the Turlough Hill station which has been in operation in the Wicklow Mountains since
1974 and it is capable of generating up to 292MW of electricity during peak demand
periods (ESB, 2014). Hydro storage schemes have much smaller Carbon Dioxide
(CO2) emissions when compared to thermal plants, as well as having considerably
faster start up times.

James Herley MEng in Civil Engineering
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1.2.

Introdiietion

Justification for Research

The National Renewable Energy Action Plan (NREAP) for Ireland was established
under the Renewable Energy Sources (RES) Directive, it details that 40% of Irelands
total energy consumption from the electricity sector must come from renewable
energy sources by 2020. This represents a significant increase from the RES-E 2009
value of 14.4% (Department of Communications, Energy and Natural Resources,
2009). According to Energy in Ireland Key Statistics 2013 Ireland consumed 4,622
kilo tonnes of oil equivalent (ktoe) of electricity in 2012, of which 526ktoe came from
renewable sources. Renewable energy therefore accounted for 11.4% of the total
energy consumed, while only 69ktoe of the renewable energy source was obtained
from hydropower (Martin Howley, 2013). This amounted to approximately 1.5% of
the total energy consumed and 13.1% of the renewable energy. It is unlikely Ireland
will reach the required 40% target by 2020, however it is clear numerous forms of
renewable will be required to tackle the problem. Therefore further contribution from
the hydro sector would be a welcome addition, further increasing the quantity of
renewable energy that is available.

As a result of these targets the Renewable Energy Feed in Tariff (REFIT) was
introduced to make renewable energy generation a more attractive option to the
countries energy producers. The REFIT scheme guarantees the producers of
renewable electricity a set payment rate as part of a Power Purchase Agreement with
energy suppliers. (Department of Communications, Energy and Natural Resources,
2014). The schemes are focused on smaller capacity plants (> 5MW). Ireland has
recently been recognised as having the suitable requirements to develop pumped
seawater storage facilities. These facilities have been identified as a possible method
of storing less predictable wind and wave energy for use during peak demand.

A reservoir can have multiple functions, such as being used for flood alleviation or
leisure activities. It could be found that an area which is subject to flooding and
necessitates flood relief could benefit from a hydro station. Leisure activities such as
sailing and fishing often utilise reservoirs, these can prove safer environments to
enjoy such activities due to the calmer nature of the water.
James Herley MEng in Civil Engineering
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1.3.

Introduetion

Research Questions, Aim & Objectives

The chief aim of this research is to establish if large scale hydropower can make any
contribution to assisting an increase Ireland's renewable energy capacity. This is
likely to be achieved from the construction of new stations. The chief focus will be on
identifying possible coastal locations suitable for a pumped seawater hydropower
energy storage scheme. An environmental assessment is to be undertaken on the
identified site deemed most suitable to determine the full extent the proposed scheme
would have. The main research question to be answered is:

“A pumped seawater hydro energy storage a viable form of energy for
Ireland on a large seale, and will the environment he suhjeet to substantial
negative impacts? ”

In answering this question the following areas must be explored:
•

What locations in Ireland would be physically suitable for the hydro scheme?

•

How would the identified location respond to the installation of a hydro
scheme?

•

What are the potential environmental impacts the hydro scheme may have?

•

What mitigation measures would improve the environmental performance of
hydro scheme?

James Herley MEng in Civil Engineering
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2.0

Hydropower

Hydropower

Hydropower is the power generated from rivers or from manmade installations such
as dams. Reservoirs of water are created behind the dams and the water is brought
through a tunnel and away from the dam. It is during this process the energy from the
water is harnessed using various types of generators and turbines. The essential
requirements for an effective hydropower scheme include:
A high level rainfalls catchment area;
A river with a suitable drop in level;
A weir or dam at the water intake
A channel or pipe to convey the water to the turbine;
A turbine, gearbox, electrical generator;
A tailrace to return the exhaust water to the river;
A connection to the grid.

Hydropower is a proven and mature technology, it was initially used in grain
processing and has now been utilised for electricity generation for over hundred years.
The initial capital costs of installing a large scale hydropower system are high,
however once the upfront cost is paid, hydroelectricity generation becomes a
relatively cheap form of electricity. This is as a result of the elimination of fuel costs
and low maintenance costs. The continuous steady state of operation, without high
temperatures or stresses leads to good life spans of the schemes. The energy can also
be produced at a constant rate and without storage requirements, however the output
is heavily dependent on the rainfall in the catchment. With large scale storage
schemes the scheduling and dispatching of power can be controlled and utilised when
required. The rapid response, as well as the quick start up time make them suitable for
both peak demand and base loads.

James Herley MEng in Civil Engineering
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2.1.
•

Hydropower

Terminology Used in Hydroelectricity
Catchment Area - The area of land which is upstream of the hydro system
where water is collected, predominately resulting from rainwater run-off.

•

Watercourse - The water body which is to be used for the hydro system.

•

Headrace - The pipe or channel which is used to convey the water from the
intake point on the watercourse to the entry of the penstock.

•

Penstock - The pipe which is used to convey the water to the turbine from the
headrace.

•

Powerhouse - The building which is situated at the end of the penstock that
houses the turbine, generator and other required filters to the penstock to
prevent debris and fish from damaging the turbine.

•

Sluice Gates - A device located in the head race or at the entrance to the
penstock to control the flow rate to the turbine.

•

Governor - A device for keeping the speed of the turbine and generator
constant by controlling the flow or the electrical load.

2.2.

Types of Hydroelectric Schemes

Hydroelectric schemes are generally classified as either storage or non-storage,
although classification can also be determined according to the water head or the
generation capacity.
The water head is defined as the height through which the water falls. The
classifications are:
•

Low Head - When the head is < 10m, these are characterised by very high
flows volumes which lead to high capital costs.

•

Medium Head - When the head is between 10 and 100m.

•

High Head - When the head is > 100m.

When classifying according to generation capacity the possibilities are (Davis, 2010):
•

Large - All installations with an installed capacity > lOOOkW.

•

Small - Is a general term for installations with an installed capacity <
lOOOkW.

•

Mini - All installations with an installed capacity between 100 and 500kW.

James Herley MEng in Civil Engineering
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•

2.2.1.

Hydropower

Micro - All installations with a power output less than 1 OOkW.
Storage Schemes

The most conventional method of attaining hydropower, is through the use of storage
schemes. The energy is harnessed by utilising the stored energy in the water contained
in the reservoir and converting this energy into kinetic energy. Figure 2-1 shows an
illustration of a typical hydropower storage scheme.
Turbinos Enclosed
intaki9 Towers

Storage Rese; voir

Upper Level
Spillways
Figure 2-1 Illustration of a Storage Scheme (Davis, 2010)

A large reservoir is created by the construction of a dam, at a location where there is
significant difference in head levels. When the intake towers open, gravity is used to
pull the water through into the penstock. The pressure in the water increases as it
flows through the pipeline and into the turbine. The blades of the turbine begin to turn
as a result of the impact from the water. The Francis and the Kaplan Turbine are the
most common types of turbines used in storage hydropower plants. The rotation of the
turbine in turn drives the turbine shaft which connects the turbine and generator. A
series of giant magnets housed inside the generator rotate past copper coils which
produces alternating current (AC). A transformer located in the powerhouse converts
the AC to a higher voltage current. The tailrace then returns the water to the river
downstream as the power lines transport the power to the electricity grid. Figure 2-2
James Herley MEng in Civil Engineering
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shows a cross section through a hydroelectric storage scheme where each process
described can be seen.

Typical Hydroelectic Dam
Reservoi

Figure 2-2 Typical Cross Section through Dam (Tennessee Valley Authority, 2012)

Hydropower storage schemes have the capability to meet fluctuations in power
demands. The generated power can be exploited when the demand is at its highest, in
consequence it is often the cheapest source of electricity.
2.2.2.

Pumped Storage

Pumped storage schemes become necessary when the natural input of water is
insufficient for the storage scheme. A pumped storage scheme operates on the same
principle as a conventional hydro scheme. However when the water input and or
rivers topography are unsuited for a storage scheme a reservoir can be created
preferably at a higher elevation. This is achieved as illustrated in Figure 2-3 by
pumping the water from the water source to an often artificial reservoir; in some
schemes both water bodies can consist of artificial reservoirs, which the water is
alternated between. A full reservoir is therefore likened to a battery, storing the power
in the kinetic energy of the water for use when required. The pumps will generally
operate during periods of low demand, this allows for low cost off peak electric power
to be used. This potential energy is then stored in the reservoir to be used during
James Herley MEng in Civil Engineering
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periods when the electricity demand is high. This system type has a rapid start up
time, therefore making it suitable to meet very fast surges in electricity demand such
as television pickups.

Unlike conventional hydro schemes reversible turbine assemblies act as both a turbine
and a pump. Pure pumped storage developments pump the water in both directions
between the source and the reservoir. While the pump back approach pumps the water
to the upper reservoir and then utilising the natural flow resulting from the variation in
head, similar to conventional hydro schemes to generate the power. Unavoidably there
are some power losses, but modem pumped hydro schemes can be up to 80% efficient
(Yang, 2011).
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Hydropower

Pumped Seawater Storage Scheme

Pumped seawater storage schemes operate using the same theory as conventional
pumped storage schemes. The fundamental difference is that the ocean forms the
water source for the lower reservoir, while the upper reservoir is again artificially
created. A number of challenges occur when using seawater as a substitute for
freshwater. When compared to the other types of hydropower the environmental
impacts are low. However special design features have to be installed to ensure a
water tight upper reservoir, as seawater can be harmful to the vegetation. The
penstock, tailrace and pump turbine will have to be constructed a material which is
insusceptible to seawater corrosion to ensure an acceptable design life is achieved.
2.2.4.

Run of River Schemes

Run of river schemes account for the vast majority of small hydro plants, they have no
or moderately small capacity for water storage. The flow in the river is partially
diverted through a channel which feeds into the turbine, this allows for the rivers
kinetic energy to be converted into mechanical energy. Figure 2-4 illustrates a typical
run of river scheme where a diversion weir can be seen. Weirs are commonly used to
divert the water to the intake in medium and high head schemes.
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The diverted water is then transported through either a pressure pipe, penstock or a
shallow sloped channel. The high expense of penstocks and pressure pipe often lead
to uneconomic design, therefore shallow sloped channels are often the favoured
option where possible. The canal runs in conjunction with the river to the pressure
intake or a forebay, this greatly reduces the length of penstock required to transport
the water to the turbines. The scheme shown in Figure 2-4 takes advantage the terrains
topography and morphology in implementing a canal. If the terrain does not favour a
canal a low pressure pipe is most commonly the subsequent most economical option.

The turbine will only produce power when there is an adequate flow of water
available from the river. Once the flow in the river drops below a fixed value, or
below the minimum technical flow for the turbine, power generation will cease. Some
hydro schemes are designed to operate only on peak hours when the electricity prices
are higher. To ensure the turbines are operate during this period a small reservoir
housing a high enough quantity of water can be created by the weir; alternatively a
similarly sized pond can be constructed in the forebay (TNSHP), 2004)
James Herley MEng in Civil Engineering
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Hydropower

Hydropower with Most Potential in an Irish Context

Seawater pumped hydroelectric energy storage (SWPHES) schemes were the type of
hydropower schemes which were deemed the most suitable to develop in Ireland. One
of the main issues with traditional storage hydro schemes stemmed from the fact that
vast quantities of water would have to be retained to create the reservoir, leading to
the flooding of a large area of land. In order to be cost effective, it is important a plant
is located near a major population centre; however typically in Ireland the land around
these areas has been significantly developed. Although suitable topography and river
conditions may be present the flooding of such a large developed area would not be
permitted.

Ireland is known to have significant natural resources in terms of the requirements for
wind and wave energy. Unfortunately however the hours when the conditions for
these renewable sources are most prevalent coincide predominately with off peak
demands. These energy types are operated on a “use it or lose if’ basis. However it
has been proposed SWPHES schemes could utilise the power from these renewable
energy sources to operate and the hydro scheme would then efficiently store the wind
and wave energy in its upper reservoir.

Although using salt water presents greater difficulties then fresh water, the impact on
the environment is often greater with traditional hydro storage schemes. This is
predominately due to the vast areas of land which are submerged by the reservoir. For
these reasons the SWPHES schemes are thought to be more viable in an Irish context.
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The energy market is Ireland is operated by two main organisations, the Commission
for Energy Regulation (CER) and the Single Electricity Market Operator (SEMO).
The CER are an independent body who are responsible for the regulation of the
natural gas and electricity markets in Ireland. SEMO are accountable for managing
the market. Their duties include paying generators for the electricity they generated
and debiting the suppliers for the electricity they have purchased in the Single
Electricity Market (SEM).

The primary distribution method for Ireland's electricity is through the national grid.
The grid is an interconnected system of cables and protection equipment which pools
together the power generated in all the operating generating stations and the
customers use the power from this pool. The advantages of such a system is it allows
for stability as power can be reserved to withstand a large disturbance. It also ensures
the most economic stations which are available can produce the majority of the
demand. The Irish grid system comprises of 110 kV, 220 kV, 275 kV and 400kV
power lines and stations to transport the power, as a result the lines in particular area
govern the voltage the power is to be transported from the sources such as a hydro
scheme. Storage hydro schemes are classified as intermediate power stations as they
can respond quickly to demand changes by increasing or decreasing generation units.
Pumped storage hydro schemes are classified as peak generating stations as they
operate during peak demands, and can be put into service very quickly.

The trading for electricity begins the day before it is to be utilised, with the daily
market split into 48 half hour periods; the trading day is often referred to as “D-l".
The SEMO then receive submissions from the electricity generators of the rate they
are to charge for each 30 minute period. All tenders are required to be submitted
before 10a.m. on D-1. A forecast of the system demand for the following day, known
as “D” is undertaken by the Transmission System Operator (TSO). The SEMO then
select the required number of electricity generators based on the forecasted system
demand by the TSO. A safety margin is incorporated in this selection to account for
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potential generator failure or failure of the transmission lines. The generators are
selected according to their rates, beginning with the most inexpensive operator and
continuing until the potential demand is achieved. All generating plants which are “in
merit” will operate during the 30 minute period, with the combination of the plants
capable of satisfying the demand. Each operating plant will receive the same fee for
the 30 minute period, the most expensive generator selected effectively sets the price
for the period; this is known as the System Marginal Price (SMP). It’s important to
note that the operating plants will only receive payment if their output is used. All
plants which failed with their best due to their high rates are said to be “out of merif’.
The day after the electricity has been used known as “D+l”, the SEMO provides the
generating plants with the details of the energy produced the previous day in addition
the SMP which applied for each half hour period. The generators and suppliers can
then question this market data if they believe necessary, with the final settlement to be
made on “D+4”.

3.1.

Energy Demand in the residential sector

According to the 2013 report "Energy in the Residential Sector’’ by the SEAI (Emer
Dennehy, Martin Howley; of SEAI, 2013), 27% of all the primary energy used in
Ireland during 2011 was consumed by the residential sector. This put the residential
sector as the second largest energy consumer behind transport. The energy in the
transport sector comes predominately from diesel and petrol, this indicates the
residential division would therefore be the highest demanding consumer of Ireland’s
electricity. Examining the trends from 1990 to 2011 it was found the percentage of
permanently occupied residences grew by 64%, while the average floor area of the
dwellings increased by 19%. This lead to electricity consumption being doubled in the
residential sector. This trend indicates continued growth in the quantity and
magnitude of dwellings, which in turn means continued growth in the electrical
demand in the residential sector. This rising trend is illustrated in Figure 3-1 which
utilises the 2011 Census to shows the number of permanently occupied dwellings in
Ireland.
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Figure 3-1 Number of Permanently Occupied Housing Units 1961 - 2011 (Emer Dennehy, Martin
Howley; of SEAI, 2013)

This trend is further reinforced by a forecast created by the SEAI Modelling Group in
conjunction with the Economic and Social Research Institute (ESRI) investigating the
energy usage up to 2020, the forecast can be seen in Table 3-1. The forecast makes
the assumption that the targets contained in the NREAP are met.

Sector
(ktoePEE)

Total Final Demand
(ktoe)

Growth
%

Average Annual Growth
Rata

%

%

2010

2012

2015

2020

10-‘20

Coal

223

222

182

123

^5

-5.8

Oil

1081

999

1003

865

-20

-12

Natural Gas

606

531

458

405

-33

Peat

216

242

230

198

-8

Renewables
Electricity

41
716

61
716

66
725

81
760

2883

2771

2665

2432

Total

Fuel Shares

10-'20 12-'20

15-'20

2010

-7.1

-7.5

8

8

7

5

-1.8

-2.9

37

36

38

36

-3.9

-3.3

-2.4

21

19

17

17

-0.9

-2.5

-3.0

8

9

9

8

96
6

6.9
0.6

3.6
0.7

A2
0.9

1
25

2
26

2
27

3
31

-16

-1.7

-1.6

-1.8

2012 2015

2020

Table 3-1 Eorecast of Energy Usage 2010 to 2020 (Emer Dennehy, Martin Howley; of SEAI,
2013)

Since the

of July 2008 the Technieal Guidance Documents Part L — Consen’ation

of Fuel and Energy - Dwellings sets three requirements for all newly constructed
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dwellings in relation to renewable energy (Department of Environment, Community
and Local Government, 2011):
•

A minimum of 1 OkWh/m^/annum of energy used in the dwelling for the
heating of water along with the heating and cooling of spaces must come from
renewable sources.

•

A minimum of 4kWh/m^/annum of the electrical energy used in the dwelling
must come from renewable sources.

•

A combination of the two previous targets which would equal the equivalent
effect.

•

This again strengthens the knowledge that an increase in the capacity of
renewable energy sources in Ireland is a necessity.

Cooking, cleaning, washing, lighting, home entertainment on top of heating and
cooling are just some of the energy consuming tasks in an average residence. The
report states that 25% of the energy used in dwellings was from electricity which
amounts to approximately 5000kWh per annum. A survey carried out by the Central
Statistics Office in 2010 examined the amount growth in household appliances from
1987 to 2010. The results of the survey can be seen in which again depicts a trend of
ever increasing growth.
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Figure 3-2 Penetration of Electrical Appliances from 1987 to 2010

The data does not consider newer appliances such as games consoles, DVD players
and cofYee machines, with technology constantly improving the growth of electrical
dependant appliances will continue to increase. These trends show Ireland’s
residential sector will continue to require a greater quantity of electricity each year.

3.2.

Energy Demand in the Industrial Sector

The Large Industry Energy Network (LIEN) are a voluntary group which work
together with the SEAl, the group consists 140 of Ireland’s largest energy users
accounting for over 60% of the industrial sector energy requirement (Sustainable
Enertgy Authority Ireland, 2013). The group strive to improve and sustain healthy
energy management, this has enabled member companies €60 million in 2008 alone.
The most recent annual report by the LIEN examined the energy consumed in 2011.
In total the projects implemented by these companies saved 585 GWh of energy in
2011 (Large Industry Energy Network, 2011). Electricity and renewable energy
consumption shows growth between the years 1990 to 2012. Electricity accounted for
the largest share of the energy used in the industry with 36% (Emer Dennehy, Martin
Howley; ofSEAI, 2013).
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Similar to the residential sector, it can be seen the consumption of electricity and
renewable energy has been increasing. However the positive work being carried out
by the LIEN is nullifying some of the increases. Furthermore the "green” image is
becoming increasingly more important in developing and maintaining a successful
business. According to a study of 298 business owners and managers undertaken by
Prof. E.E. Smith and Prof. S. Perks (E.E. Smith, 2010):

"Businesses should eonsciously strive to use resourees more efficiently
in the manufacturing/operations function and distrihiition/logistics
function, as this could give business a competitive advantage that
could possibly impact the marketing/sales function. ”

It can be seen that Ireland will continue to require large quantities of electric energy
each year in both the residential and industrial sectors, with renewable sources such a
hydropower becoming persistently more significant.
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Ireland currently has no specific legislation in relation to large hydropower stations
(ICOLD European Club, 2013). There is a legislative gap in Ireland and therefore the
owners and operators of the hydro plants are responsible the inspection and
maintenance of the plants under common law. This law stemmed from a decision
made by the House of Lords in 1868, when Justice Blackburn said (British and Irish
Legal Information Institute, 2010):

“The true rule of the law is that the person who for his own purposes
brings on his lands and collects and keeps there anything likely to do
mischief if it escapes, must keep it in at his peril, and, if he does not do
so, is prima facie answerable for all the damage which is a natural
consequence of its escape ”

As a result owners and operators of reservoirs are not bound by legislation to cany out
regular inspections and maintenance, but are however responsible should a failure
occur. In Ireland the ESB use independent qualified civil engineers to inspect the
reservoirs and oversea any necessary maintenance works.

The “Reservoir Act 1975 ” is the legislation which governs large hydro schemes in the
UK, excluding Northern Ireland. As the UK is our closest neighbour many of the
construction techniques and legislative documents that are applicable there are
applicable in Ireland. Recently a proposal was undertaken the Rivers Agency in
Belfast called “Proposed Reservoir Safety Legislation for Northern Ireland.” (Porter
& Agency, 2012). The proposal was aimed at introducing legislation for reservoirs
Northern Ireland, and was influenced by the “Reservoir Act 1975’’. This proposed
legislation could therfore be considered appropriate in an Irish context. It is hoped the
legislation will be implemented during 2014.
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Legislation

Policy

Safety policy schemes were established with the aim to create a legal and
administrative framework for regulating reservoir safety. The policy would be
applicable to all reservoirs with a capacity of 10,000m^ or more. A risk based
approach would be introduced for all relevant reservoirs, at first this would be an
impact designation based on the consequences of reservoir failure. Impact
classifications would be assigned to applicable reservoirs, these would be dependent
on whether a threat is posed to human life, the environment, cultural heritage and/or
economic activity. A comparable control and inspection management plan would then
be assigned to the reservoir, the regime would be dependant the assigned impact
classification. Suitably experienced and qualified engineers would be required to
supervise all construction and alteration of the reservoirs. An independent Qualified
civil engineers specially selected would provide technical knowledge during
construction, supervision and inspection of the structure. Provisions are to be put in
place for the review of designation decisions on impact classifications, dispute
resolution and penalty enforcements for offences; the offences however are not
specified.

4.2.

Defining Reservoirs

As aforementioned any reservoir with a capacity of 10,000m^ or more, also included
is any structure designed or used for amassing and storing water as well as a
manmade/modified lake where the water level is above the natural ground level. The
legislation will govern the reservoir basin and all apparatus which affect the
functioning of the reservoir, such as the spillway, valves, valve towers, pumping
stations, pipes and sluices. Reservoirs which do not individually meet the limiting
volume of 10,000m^ but have water travelling between them which amounts to
10,000m^ or more, will be subject to the proposed legislation. The legislation also
states that any reservoir which does not meet the limiting criteria but is deemed to be
of potential significant risk to human health, the environment, cultural heritage and
economic activity can be subject to the legislation policies.
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Responsible Parties

It is proposed the owners and operators of the reservoirs will be responsible for
ensuring there safety, the following principles would apply:
•

Where the entire reservoir is managed and operated by a water undertaker,
then they are the responsible body for the reservoir. However where the water
undertaker controls only a part of the reservoir then they are responsible for
that part only.

•

If a business such as a hydroelectric power company manages and operates
part or all of the reservoir, then they are responsible for those the reservoir or
specific parts.

•

If all or part of the reservoir is not managed or operated by a water undertaker
or business, then the reservoirs owner will be responsible for the entire or part
of the reservoir that is not managed or operated.

•

No responsibility should lie with recreational users of the reservoir such as
fishing or sailing clubs unless they own or manage part or all of the reservoir.

4.4.

Implementation Options

Three different policy options have been explored in order to develop the policy
4.4.1.

Option 1: Do Nothing - Self Regulation

The option of doing nothing would leave the responsibly of the reservoirs safety to the
discretion of the owners and operators. Common law would continue to be the legal
foundation for the safety of the reservoir under this option. This choice would reduce
the managerial and financial load on the owners, managers and the government,
however this may result in limited reassurance that the safety of the reservoir is being
appropriately managed due to the reliance on self-regulation. As a result there is a risk
of reservoir failure.
4.4.2.

Option 2: Reservoir Licensing System

This option would require all reservoirs to be registered with a licensing authority
who would then carry out an inspection before a formal license agreement is issued.
The licenses would be issued for a fixed length of time and would require renewal
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when expired. This would ensure the reservoir would stay in line with legal and policy
changes. The inspections would be carried out by a qualified engineer, with the cost
being included as part of the licensing fee. As this option requires all reservoirs
regardless of their size to register and attain a licence, the risk designation for all
reservoirs will become known. However the inclusion of the inspection as part of the
licensing agreement add additional cost and be considered unnecessary administrative
strain on reservoirs smaller then 10,000m^. Implementation of this option in cases
where there are multiple owners and operators could be challenging, and may lead to
an overly conservative and costly approach to reservoir safety.
4.4.3.

Option 3: Panel Engineer System

This option requires the body responsible for the reservoir to implement a
management framework that will coiTespond to the assigned risk designation.
Qualified Civil Engineers would be largely accountable for safety of the reservoirs as
they would undertake the inspections, identify the correct management plan, report on
the reservoirs design and condition as well as certify any constmction works earned
out. This option would result in a new financial drain being place on the operators of
the reservoirs, particularly those who would have previously not undertaken regular
maintenance and inspections. This is a risk based approach, therefore the regularity of
inspections will vary depending on the risk designation applied to the reservoir.

4.5.

Risk Designation

The risk is classified as an impact of a given threat and the probability that it will
occur. The probability of dam failure is in the main low, it is determined by influences
such as age, construction materials utilised, maintenance management and the current
state of the structure. The initial designation would be primarily based on the
consequences of a breach of the reservoir under the headings of human health, the
environment, cultural heritage and the economy. Each reservoir will be classified as
either high, medium or low risk. Table 4-1 shows what the risk classifications
translate to. The level of regulation each reservoir would be subject to varies
according to the risk designation with high risk classified reservoirs subject to the
most stringent regulation while low risk reservoirs would require little action. A flow
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chart depicting the process of assigning a risk designation to the reservoir can be seen
in Figure 4-1.

Risk Designation Criteria
High

Reservoir failure would result in the loss of life and have
substantial impact on economic activity.

Medium

Reservoir failure would impact on people but with no loss of life,
substantial damage to the environment and cultural heritage likely.

Low

Reservoir failure would result in no loss of life and limited damage
would be caused by the Hooding.

Table 4-1 Criteria Associated with Each Risk Designation (Porter & Agency, 2012)

Figure 4-1 Designation Process (Porter & Agency, 2012)

Implementation of a policy such as this in Ireland would clarify the roles and
responsibilities of the reservoirs stakeholders and help ensure the best possible safety
standards are adhered to.
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There is currently only one pumped hydro plant utilising seawater, this is the Okinawa
Yanbaru plant in Japan. However there are a number of plants which have been
proposed worldwide as well as two plants in Ireland, these plants were proposed for
Gleninagh Mountain Co. Clare and at Glinsk Co. Mayo. Turlough Hill will also be
studied as the only plant in existence in Ireland using similar technology.

5.1.

Okinawa Yanbaru Seawater Pumped Hydroelectric Energy
Storage Scheme (SWPHES)

The plant is located at the northern part of Okinawa Island, the plant was the first ever
pumped storage hydro station. On the island the thermal and gas turbines were used to
meet the daily demand and the requirement for further cleaner power was evident.
Conventional hydro schemes such as storage and pumped storage schemes were not
deemed suitable due to the precious nature of the water resources on the island. The
idea of using the seawater from the Pacific Ocean as a water source was discussed
when examining the mountainous areas on the northern side of the island, as the
mountainous terrain would allow for a significant head difference. A number of
possible sites were identified and an assessment of the potential social and
environmental impacts was undertaken. The optimal location which was chosen can
be seen in the schematic shown in Figure 5-1 which also shows the general layout of
the scheme. The implementation of the project was undertaken by the Electric Power
Development Co. Ltd. otherwise known as J-POWER. Between 1981 and 1986
countless research and studies were carried out in relation to the technical and
environmental impacts that using seawater could have. The investigation of such a
schemes demonstrated it was feasible and therefore the project got commissioned.
Construction took place from 1991 to 1999, with a five year monitoring program
aiming to observe and refine pumped seawater hydro beginning immediately
afterward.
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Figure 5-1 A Schematic Plan View Showing General Layout (International Energy Anency
Hydropower, 2006)

It is believed that Okinawa Island was connected by land to China circa 1.5 million
years ago. However land disturbances and increasing sea levels led to a substantial
area becoming submerged. As a consequence the flora and fauna which existing in the
region has remained isolated on the island since, this resulted in many of the species
and subspecies being indigenous to the island and not found anywhere else. This
resulted in flora and fauna being of upmost importance when considering the scheme,
however there was no protected natural parks or cultural assets located in the area.
The climate is the closest to tropical in Japan with warm air throughout the year, the
annual mean air temperature is 23°C. The precipitation in the area is in the region of
2,400 mm, this is 40% more than the national average. The reservoir is located
approximately 600m from the shore line and close to 150m above the sea level
(International Energy Anency Hydropower, 2006).
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An Environmental Impact Statement was undertaken by J-POWER with Table 5showing all of the assessment headings and subheadings.

Environmental Impact Statement Items
Meteorology, Weather, Air quality. Water quality. Noise, Vibration, Offensive odour. Soil
contamination. Ground settlement. Topography, Geology, Sea current. Marine phenomenon
Salt spray. Seawater seepage
Plant

Animal

Vegetation, Rare plant. Soil profile
Terrestrial animal

Mammals, Birds, Reptiles, Amphibians, Insects, Soil fauna

Aquatic organism

Gully animals

Marine organism

Coral, Fishes, Benthic organisms. Plankton, Eggs and fry,
Tideland organisms. Seaweed, Grasses

Table 5-1 Items addressed in EIS (International Energy Anency Hydropower, 2006)

One of the main concerns when compared to tradition pumped hydro schemes was the
effect salt spray may have on the surrounding environment due to the pump up of
seawater. Numerous calculations as well as simulation models showed that there
would be a negligible different between the salt spray from pumping and the natural
salt spray occurring from the sea.

As salt water is a corrosive material steps had to be taken in order to prevent the
corrosion of the pipe network and turbine. The choice of materials was dependant on
both their coiTOsive resistance as well as their cost. Mild carbon steel coated with
paint was used in portions of low velocity while stainless steel was used in areas of
high velocity. To protect against corrosion from paints and against crevice erosion
cathodic protection is used. As corrosion is enhanced as the flow increases cathodic
protection is controlled by an exterior power source allowing for the preventative to
be current adjustable (T. Fujihara, 1998).

The island was home to five endangered species and seven threatened species, this
together with the fact much of the flora found on Okinawa Island could not be found
anywhere else lead to the following principles being set out (International Energy
Anency Hydropower, 2006):
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1.

“Organisms inhabiting the project area are the natives
and, as such, are to the given consideration with a
modest attitude. ”

2.

“The development area is to he held to a minimum in
order that the ecosystem will be disrupted as little as
possible. ”

3.

“The scope of implementation of measures for natural
environment protection is not to he limited to the
construction area,

and is to he applied to the

surroundings as well. ”
4.

“Any damaged environment is to he restored without
delay taking advantage of natural self healing powers. ”

“Based on these fundamental principles, the environmental
impact factors below were extracted: ”
1.

“Outflow of muddy water (red water) produced from the
construction area into gullies and sea area near the
river mouth. ”

2.

“Reduction of habitat area due to changes made in
land. ”

3.

“Noise and vibration from heavy equipment. ”

4.

“Damage to small animals j'rom construction vehicles
and accidents due to falls down to structures. ”

A summary of the primary mitigation measures which were put in place can be seen
in Table 5-2, this table is taken from Annex VIII of Hydropower Good Practices by
the lEA. The final specifications of the plant can be seen in Table 5-3 with Figure 5-2
also showing an aerial view of the finished plant.
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Environmental Impact Factor

Countermeasure

a) Outflow of

Construction water

1. Chemical treatment by turbid water plant

muddy water

Turbid water from red soil

1. Chemical treatment by turbid water plant

produced from

2. Reduction of turbid water by separation into red

the construction

water and clear water

area into gullies

3. Reduction of red water by spraying asphalt

and sea are near

emulsion or seeds on bare ground

the river mouth

4. Install gabion weir at downstream area of gully

b) Reduction in

Reduction of area changed

1. Layout of powerhouse and waterways

habitat area due

underground

to changes in land

2. Omit access road and powerhouse
3. Reduce construction area by balancing cuts and
embankments as much as possible
Protection, restoration of

1. Sculpt and green construction site without delay

vegetation

2. Protect existing forest by planting low-height
trees

c) Noise, vibration from heavy equipment

1. Prohibit night-time work in surface construction
2. Use low-noise type machinery
3. Travel at low speed inside construction area

d) Harm to small animals from construction

1. Capture and remove animals and plants in

vehicles and accidents due to falls down to

construction area

structures

2. Install facilities (intrusion prevention nets) to
prevent entry of rare animals
3. PR activities using posters, lecture meetings,
pamphlets etc.
4. Prevent accidents from falls of small animals
though installation of sloping side wall gutters

Table 5-2 Summary of Mitigation Measures (International Energy Anency Hydropower, 2006)
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Specification

Item
Name

Okinawa Yanbaru Power Plant

Max. output

30MW

Max. discharge

26mVs

Effective head

136m

Type

Excavated type. Rubber sheet-lined

Max. embankment height

25m

Upper Regulating

Crest circumference

848m

Reservoir

Max. width

251.5m

Total storage capacity

0.59 X lOW

Max. depth

22.8m

Power Plant

Penstock
Waterway
Tail race

Inside dia. 24m
Length 314m
Inside dia. 27m
Length 205m

Table 5-3 Specifications of Okinawa Yanbaru Pumped Seawater Plant (International Energy
Anency Hydropower, 2006)

Figure 5-2 Aerial View of Okinawa Yanbaru Pumped Seawater Hydro Scheme (T. Fujihara,
1998)
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Gleninagh Mountain SWPHES Scheme

It's important to note that the seawater pumped hydroelectric energy storage
(SWPHES) scheme at Gleninagh Mountain has not been constructed. A large group of
local residents voted against the project citing “Not in My Backyard” as the reason
behind the choice. This halted the project at the conceptual stage and baseline studies
have never been completed, however the preliminary research gives significant insight
SWPHES in an Irish context. The following information was attained from the Pre
Investigation Coneept Information for Seawater Pumped Hydroeleetrie Energy
Storage Seheme which was created for the project (Organic Power Ltd., 2010).

The proposed location for the project was at Gleninagh Mountain on the North coast
of Clare, roughly 5km from Ballyvaughan town. The proposed plant was to be a
960MW rated pumped seawater hydro scheme. The site was chosen as it scored
positively on a number of criteria, these were:
There was a large volume potential at the site.
The difference in head was significant (> 180 m).
It was compatible with the existing environment
It was in close proximity of 220/400 node.
The length of new road required was minimal.
It could be concealed the views of scenic routes.

The hydroelectric pump turbines would operate during the night at off peak hours
availing of cheaper electricity rates and storage the power for times of high demand.
All of the input power was to be soureed from wind and wave energy projects
connected to the grid, creating an effective means of storing the wind and wave
energy. The wind energy that would be available to the site would be in the region of
2500MW installed capacity. Alternatively at times when wind power was not
available, the plant could be used to add energy efficiency to existing fossil fuel plants
which currently lose up to 50% of their energy produced due to over production. The
plant could operate for 9.75 hours per day which would coincide with the daily peak
demand between 0600 to 1030 and 1615 to 1930.
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Expected Impacts

The expected impacts the scheme would have was addressed as follows:

Do-nothing Scenario
The main results that would stem from the “do-nothing” scenario would be the loss of
some economic and environmental benefits. The plant would be capable of providing
energy storage which could be deliver to the grid at time of high demand leading to
economic benefit. Environmental benefits would be felt as SWPHES is a much
cleaner form of energy production then fossil fuel operated plants. The document
states that if a nearby wind farm was used to power the pumps generating a means of
storing the wind energy almost 2,000,000 tonnes of carbon equivalent emissions could
be saved compared to an equivalent sized fossil fuelled plant.

Negligible Impacts
The areas main source of income is through the tourism industry, the unique
characteristics of the burren landscape attract many visitors. The visual changes to the
landscape would have been minimal this is shown with Figure 5-3 depicting how
Gleninagh Mountain currently look and Figure 5-4 illustrating the changes after
construction.

Existing View

Figure 5-3 Existing View of Gleninagh Mountain (Organic Power Ltd., 2010)
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View after Construction

7-

Figure 5-4 View of Gleninagh Mountain After Construction Has Been Completed (Organic
Power Ltd., 2010)

The agricultural industry which is also a large portion of the areas income would also
remain unaffected. Provided the correct measures are taken to eliminate the potential
negative effects of dust, noise and erosion the health and living conditions in the area
would remain unaffected.

Positive Impacts
The proposed project would have brought significant employment and economic
activity to the area during the construction period. The area would become more
energy secure due to the development of the energy infrastructure in the area.

Negative Impacts
The negative impacts the installation of the scheme may have would include the loss
of the land required for the reservoir and the existing karst pavement would be lost.

Table 5-4 shows the annual cost benefit for the proposed project, if this is examined
over a 50 year period a payback of approximately €11,029,526,000 is possible.
However if with no plant in plaee the cost of purchasing fuel that will be incurred will
be over€l 1,000,000,000.
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Annual Cost Benefit for Proposed Project
Item
National Fuel import costs avoided on reduced oil imports
(Based on 2.5146 million barrels/year @ €75/barrel
National Carbon Payments avoided €16 x 2,000,000 tonnes
Lost cattle grazing (assuming an average 1 cow/ha with 64 ha
required)
National Economic Totals

Cost

Benefit

0

188,595,000

0

32,000,000

4,480

0

4,480

220,595,000

Table 5-4 Annual Cost Benefit for Proposed Project (Organic Power Ltd., 2010)

5.2.2.

Upper Reservoir

The upper reservoir would be constructed on the existing bedrock, partial blasting of
the rock would be required to attain the foundation depths. Economically a leakage of
5 1/s is typically accepted for reservoirs however due to the corrosive nature of
seawater an acceptance of 0 Es is necessary. To achieve the reservoir will be sealed
with EPDM rubber sheet liner placed on top of the bed rock. A drainage system
would monitor and identify seepages, the water that reaches this layer can then be
returned by pumps to the reservoir. An impermeable flexible composite of concrete
and bitumen is laid as a primary layer.
5.2.3.

Other Significant Components of the Scheme

The intake will include sluiced gates and will be constructed below sea level to a
depth of 40m from reinforced concrete. The depth would supply substantial back
pressure on the pump to eradicate cavitation. A tetrapod mound structure would be
installed as a breakwater to reduce erosion and minimise fluctuations in the water
level. The breakwater will also contain the impact of the water when it's returned to
the Atlantic Ocean, shielding the existing marine flora and fauna.

The penstock would be 8.25m in internal diameter, capable of transferring water at
360m^/s between the upper and lower reservoirs. Underground tunnelling methods
would be utilised to install the pipes minimising the disturbances. The finished
pipeline was to be constructed epoxy coated reinforced steel concrete and have been
840m in length.
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The four turbines each rated at 240MW will be contained within the powerhouse
which is again to be constructed circa 40m below sea level. A vertical access shaft
would allow for access to the powerhouse. A conceptual map depicting a plan view of
the site after the scheme is in place can be seen in Figure 5-5.
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Glinsk Mountain SWPHES Scheme

A second SWPHES scheme has been proposed by Organic Power Ltd. and so far has
received backing from locals and is now awaiting the outcome after planning
documents were submitted to An Bord Pleanala. The following information was
attained from a presentation given by J. Nolan on behalf of Organic Power Ltd.
regarding the Glinsk Mountain plant (Nolen & Ltd., 2012).

The wind profile in West of Ireland possess the potential to produce a significant
quantity of wind energy. Together with offshore wave energy the West is capable of
producing roughly 25,000MW. Mayo County Council are planning to take advantage
of their natural occurring energy sources with large areas of land designated for wind
farms. However the current grid in Mayo consists of just one llOkV loop, with a
capacity of just lOOMW serving only part of the county. The proposed new network
plans for 2025 outline one 400kV line will be installed in Mayo. This means the
naturally occurring energy sources in the area cannot be utilised until such a time as
the 400kV line is in place. Organic Power Ltd. proposed a SWPHES plant as a
solution to the problem. The plant could accept the clean but unpredictable electricity
generated from the wind turbines and wave energy devices, the energy could then be
stored for use when required. Transforming the energy into a cost effective and highly
predictable green power source for use during peak demand.

The proposed location which can be seen in plan in is located within a 30km radius of
the majority of the available onshore wind farms in the area, as well as offshore
generated wind and wave power. The 1,200MW plant would use the Atlantic Ocean
as the lower reservoir. 550,000 cubic metres of peat would have to be removed from
the top of the Glinsk Mountain and moved to dewater plants at the base. The penstock
which is to be located underground is to be approximately 850m in length and 7m in
diameter. Pour turbines will be housed 50m below sea level in the powerhouse, two
variable speed and two fixed speed each with a rating of 300MW. The main
parameters of the scheme are outlined in Table 5-5.
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Figure 5-6 Conceptual Site Plan of Glinsk Mountain SWPHES (Nolen & Ltd., 2012)

Project Specifications
Upper Reservoir
High water level

m

311.5

Low water level

m

283.5

Available drawdown

m

28

Water surface area

m*

315,258

Gross storage capacity

m^

8,900,000

Type

Embankment dam (HOPE rubber
sheet and asphaltic lining)

Height

m

29

Crest length

m

2,560

Embankment volume

m'

1,400,000

-

Sluiceway

Penstock (Inside dia. x length)

mXm

8.5 X 850

Tailrace tunnel (Inside dia. x length)

mXm

9x 100

Waterways
Waterway intake

Power Generation
Normal headwater level

m

297.5

Normal tailwater level

m

+2
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m

295.5

Maximum discharge

mVs

400

Maximum output

MW

960

HVDC

MW

1000 (2 x 500)

Length

km

Approx. 270

Transmission Line

Table 5-5 Project Specifications

The following mitigation measures were identified as a result of the findings in the
EIS. Landscaping the new profile to minimise the disruption the scheme will have on
the landscape which can be seen in the before and after photomontage shown in
Figure 5-7. The discharge velocity of the water returning to the Atlantic Ocean is to
be reduced, curtailing the impact on marine life and the replanting of local flora fonn
the site on the reservoir embankments.

Figure 5-7 Photomontage of Glinsk Mountain as it currently Exists (Left) and After Construction
of SWPHES (Right)
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Identification of Site

In order to choose a site on which to locate the SWPHES scheme over 40 sites based
on Ireland's West coast were examined. These sites were chiefly identified based on
surveying the topography of the Irelands West coast, only sites located on the west
were considered as it is proposed this scheme will utilise Ireland’s wind resources.
OPW’s Oblique Imagery Survey of Ireland’s Coastline was used to scan the Irish
West coast, promising sites were further scrutinised using Google Earth (OPW, 2003)
(Google Earth, 2014).This allowed for the general topography of the sites to be
determined, permitting many of sites to be discarded due to the obvious lack of head
between the coastal areas and water level. The wind properties at the remaining sites
were surveyed using SEAI’s Wind Atlas, this is a digital map of Ireland which maps
the wind energy resource for the country (SEAI, n.d.). The most common commercial
wind turbines to be constructed in Ireland over the last number of years typically had
a hub height in the region of 50m. Some larger turbines with hub heights between 70
to 80m have also been constructed (SEAI, n.d.). According to the Irish Wind Energy
Association in their best practice guidelines for the Irish wind energy industry,
constant improvments in turbine design and efficiency means turbines are expected to
continue growing in size (IWEA, 2012). Therefore the wind properties were examined
at 50, 75 and 100m. Locating the site in an area with high wind resources will enable
the scheme to benefit from any wind generated power which is installed in the region
in the future.

In order to further curtail the number of possible sites, the interactive maps provided
by the National Parks and Wildlife Service were utilised. These maps outline the
locations of Special Areas of Conservation (SAC) and Special Protection Areas (SPA)
throughout Ireland. SAC are the prime wildlife conservation areas in the country
which are regarded as important on either an Irish or European level. SAC are
selected based on the EU Habitats Directive, within the directive habitats and species
which must be protected are listed. Ireland’s habits include raised bogs, blanket bogs,
sand dunes, lakes and sea inlets, many of which are chiefly located in coastal areas.
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SAC cover approximately 13,500 square kilometres of Ireland, 53% of the protected
areas are land while the reminder consists of lakes or marine areas (NPWS, 2014).
On the other hand SPA are more focused on protecting the habitats of migrating birds.
Over half a million seabirds from across 24 species are estimated to seek out a
suitable habitat in Ireland each summer. These sites principally located on mainland
cliffs or marine islands are ideal as breeding sites as they are located in close
proximity to the foraging habitat of continental shelf waters. Two particular species
for which Ireland SPA are important for are the Manx Shearwater and the Storm
Petrel. Then during the winter it is the characteristic mild and wet weather that make
Ireland's wetlands such an essential resource for water bird species each year. The
combination between this weather pattern and Irelands location along the East
Atlantic flyway for water birds that breed in more northerly latitudes is what
encourages over 50 species of water bird to migrate here each winter. Some species
temporarily migrate to Ireland while on route further south, whereas some will spend
the whole winter there seeking out relatively undisturbed wetland areas. The SPA
network is comprised of over 5,700 square kilometres of marine and terrestrial
habitats. Many of the marine areas are located within fruitful intertidal zones which
provide important food resources for several species. Also included in the marine
regions are the marine waters adjacent to the breeding seabird colonies, the remaining
areas within the SPA network include blanket bogs, upland habitats and inland
wetland sites (NPWS, 2014).

It is clear that a large number of the SAC and SPA are located in coastal regions and
therefore likely to impact on many suitable SWPHES sites. Care was taken during site
selection to try and best avoid these sites, however this was not always possible. Also
examined were the Natural Heritage Areas (NHA), these are areas considered
important for the habitats which they encapsulate or if certain species of plants and
animals whose habitat require protection are present. As the proteeted sites are
predominately located in the midlands, the impact on the coastal SWPHES sites was
minimal. It is important to note that the avoidance of these protected sites was not
always possible. Construction of such a scheme within the confines of a protected site
is not preferential, however after ensuring the correct mitigation measures are in place
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it can become more feasible. Using the results from this analysis a final three
locations were selected, these were Glanlough Co. Kerry, Eskatarrif Co. Cork and
Ben Gorm in Co. Mayo.

6.1.

Glanlough Co. Kerry

The Glanlough site is situated midway between Cahersiveen and Kells in the Killurly
Commons Mountains, the red circle in Figure 6-1 depicts the proposed location of the
reservoir site. Glendalough Lake can already be found within the confines of the site.

Ncrtli Atlantic

iinrt t.rt'cV'Hs

o

Figure 6-1 Image Depicting the Glanlough Site (Google Maps, 2014)

Figure 6-2, Figure 6-3 and Figure 6-4 show the onshore wind speeds in the areas
surrounding the proposed site at 50, 75 and 100m respectively. The location of the site
within the map is indicated by the red circle. At 50m the wind speed can be seen to
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vary between 6.75 to 9m/s, while it reaches approximately 12m/s in some of the
mountainous areas.

Mean Wind Speed |itv$|

■ 0-325 E365-675 ■ll.r.5
■ ::5.: 5[7]5'5-: ■ 1125-''5
■ 25 2750''225 ■'<5 1175
■ 2 75.3 |7j335.'5 ■1175.1:

■ 3.325 □ 75 ’75
■ 3 25.35 [^ 775-8
■ 35 5^3-825
■ 375.4 □ 8 25.05
■ 4.425 □ 85-075
■ 4 25.4 5^8?5.9
■ 45.47 -Z]-'-■ 475.5 □ 9 25 - 95
■ 5.5:5 □ 95.9’5
■ 525-55 ^9’5 "

^^Ctifcuoct Sur't>‘ Iiel iiidliyi I inifairf Irdittd bcjgg
%

fV

■l2':25
■l.'.’g.'.g
■•OS t2’5
■12 75-'
■n ■;.’5
■n.»-.'i5

Bi'33 '3’5
■n’‘-'4

Hu '42;
■li.'^ '45

■ 55.5' 5^’C-!0:5 ■UG 14’5
■ 5 75 6 ■ 1025 105^14'■ G-6.'5 ■ 105- 10 75 ■15■ 625 6 5 ■'.075 1'

Figure 6-2 Onshore Wind Speeds at SOm (SEAI, n.d.)

At 75m the wind speed can be seen to average between 7.5 to 9.5m/s, while reaching
up to 12.5m/s in various mountainous zones.
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Figure 6-3 Onshore Wind Speeds at 75m (SEAI, n.d.)
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At 100m the wind atlas shows the wind speed to fluetuate between 8 to 9.75m/s, but
reaehing up to 13.25m/s in several mountainous regions.
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Figure 6-4 Onshore Wind Speeds at lOOm (SEAI, n.d.)

Figure 6-5, Figure 6-6 and Figure 6-7 show the offshore wind speeds in the areas off
the eoast of the proposed site at 50, 75 and 100m respeetively. These wind speeds will
generally be higher than the eorresponding onshore wind speeds as the water is
smoother and provides less resistanee, when eompared to the roughness of the land.
The loeation of the site within the map is indieated by the red eirele. At 50m the wind
speed ean be seen to vary between 8.25 to 9.75m/s, with some areas in elose
proximity to the eoastline as low as 6.5m/s.
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Figure 6-5 Offshore Wind Speed at 50 m (SEAI, n.d.)

At 75m the wind speed can be seen to average between 8.75to 10.5m/s, while falling
to 7m/s in various zones near the shoreline.
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Figure 6-6 Offshore Wind Speed at 75m (SEAI, n.d.)
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At 100m the wind atlas shows the wind speed to fluctuate between 9.25 to 1 Im/s, but
decreasing to 7.5m/s in several regions near the shoreline.
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Figure 6-7 Offshore Wind Speed at 100m (SEAI, n.d.)

Figure 6-8 shows an image of the coastline nearby the site, this image is from the
OPW's Oblique Imagery Survey of Ireland’s Coastline. An aerial view of the
coastline can be seen on the right hand side, each of the red dots on the image
represents an image of the coastline similar to the image on the left hand side. The
area of the coastline which is pictured is represented by the yellow circle, while the
site is again specified by the red circle. This showed there was a large head difference
between the water and coastal land zone.
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.

Figure 6-8 Coastal Image of Glanlough using OPW Imagery Software (OPW, 2003)
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To further examine the topography google earth was used, this allowed for the
landscape to be more vividly explored.

Figure 6-9 Google Earth View of Glanlough (Google Earth, 2014)

The view of Glanlough shown in Figure 6-9 was attained using Google Earth, from
this view the topography of the site can be seen clearly. The natural features of this
site come together to form a bowl like structure, this natural structure would house the
upper reservoir. It can be seen that the site is in close proximity to the coastline, while
also a significant height above sea level.

Figure 6-10 indicates the locations of SAC around the Glanlough site, the site where
the SWPHES scheme is proposed to be located is again highlighted by the red circle.
It can be seen that the site falls within the perimeter of a SAC. Figure 6-11 shows the
SPA around the area; it can be seen that the proposed upper reservoir location is not
affected by the SPA, however it shows the coastline where the intake has to be
positioned is considered a SPA. It can be seen in Figure 6-12 that there are currently
no NHA in close proximity to the Glanlough site.
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Figure 6-10 Map displaying SAC around the Glanlough Site (NPWS, 2014)
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Figure 6-12 Map displaying NUA around the Glanlough Site (NPWS, 2014)

6.2.

Eskatarrif Co. Cork

The Eskatarrif site is situated right on the Cork and Kerry border, the red circle seen
in Figure 6-13 depicts the proposed location of the upper reservoir site.

o
o o

Figure 6-13 Image Depicting Location of Eskatarrif Site (Google Maps, 2014)
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Figure 6-14, Figure 6-15 and Figure 6-16 illustrate the onshore wind speeds in the
areas surrounding the proposed Eskatarrif site at 50, 75 and 100m respectively. The
sites location within the map is specified by the red circle. At 50m the wind speed can
be seen to vary between 6.5 to 8.75m/s, while it reaches highs of approximately
11.5m/s in some mountainous areas.
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Figure 6-14 Onshore Wind Speed at SOm (SEAI, n.d.)

At 75m the wind speed can be seen to average between 7 to 9.25m/s, while reaching
up to 12m/s in various mountainous zones.
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Figure 6-15 Onshore Wind Speed at 75ni (SEAl, n.d.)

At 100m the wind atlas shows the wind speed to fluctuate between 7.75 to 9.75m/s,
but reaching up to 13m/s in several mountainous regions.
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Figure 6-16 Onshore Wind Speed at 100m (SEAI, n.d.)
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Figure 6-17, Figure 6-18 and Figure 6-19 show the offshore wind speeds in the areas
off the coastline around the proposed site at 50, 75 and 100m respectively. These
wind speeds were again found to be higher than the corresponding onshore wind
speeds as the water provides less shear resistance to the wind than the land. Once
more the sites location within the wind atlas is identified by the red circle. At 50m the
wind speed can be seen to roughly equate to 8.75m/s, with some areas in close
proximity to the coastline as low as 6.5m/s.
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Figure 6-17 Offshore Wind Speed at 50m (SEAI, n.d.)

By 75m the wind speed can be seen to vary between 8.75 to 9.75m/s, while falling to
7m/s in various zones near the shoreline.
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Figure 6-18 Offshore Wind Speed at 75ni (SEAI, n.d.)

At 100m the wind atlas shows the wind speed to fluctuate between 9.25 to 10.75m/s,
but decreasing to 7.5m/s in several regions near the shoreline.

iilean Wind Speed |tn$|
*0-23 ^65-675

|

111.1'.5

*23.253575.7 j

11125 "5

*252753773

1115 'I”

I

* 275.3 3:3.75 I

11175-12

*3.33 375 ^^5 I

112 .3

*33.35^775.8

I

11.3.-.5

*35 37538 33

I

1125 12’5

*375.4 383.85

I

112-5.

*4-43 388-875 |

113 '33

*43-453825-9

I

|n3.i3

*45 475 38 925 |

1135-133

*475.5 3825-95 I

11375.'4

*5-53 385-9'5

|

114 '4 3

*53553975-10

I

1143 '45

*55.575310.103 I

1145-14’5

*53-6 *103-1051

114’^

*6-63 *10S- 10 75|

115’

-■

@63 65 *1075 r

James Herley MEng in Civil Engineering

50

Pumped Seawater Hydropower in Ireland

Identifieation of Site

Figure 6-20 shows an image from the OPW’s survey of Ireland’s coastline of the
coastline close to the site. Also shown is an aerial view where the image location is
marked by the yellow circle. Although there is not a large head difference between the
water and land immediately, it can be seen the area adjacent to the coast is
mountainous.

Figure 6-20 Coastal Image of Eskatarrif using OPW Imagery Software (OPW, 2003)

Again in order to further examine the topography of the region google earth was used,
allowing for the landscape to be more vividly explored. In Figure 6-21 the sites
features can be visibly understood. The sites natural characteristics come together to
form a bowl like stmcture, this bowl shape would provide a natural basin for the
upper reservoir. This site is reasonably close to both Kilmakilloge Harbour and
Ardgroom Harbour as well as being a significant height above sea level.
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Figure 6-21 Google Earth View of Eskatarrif (Google Earth, 2014)

Figure 6-22 shows the whereabouts of the SAC in the vicinity of the Eskatarrif site,
again the proposed location of the SWPHES upper reservoir is highlighted by the red
circle. It can be seen that although the upper reservoir site falls outside a protected
area, a zone to the immediate south is classified as a SAC. Also protected is the
shoreline where the intake would be located is within a SAC. Figure 6-23 and Figure
6-24 respectively show the SPA and NHA around the region, it can be seen that the
proposed location at Eskatarrif will not be affected by either.
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Figure 6-22 Map Displaying SAC around the Eskatarrif Site (NPWS, 2014)

James Herley MEng in Civil Engineering

53

Pumped Seawater Hydropower in Ireland

Identification of Site

rxlSroom

Figure 6-24 Map Displaying NHA around the Eskatarrif Site (NPWS, 2014)

6.3.

Ben Gorm Co. Mayo

Ben Gonn is located in the South West of Co Mayo, its location is indicated by the
red circle seen in Figure 6-25; this is the suggested position of the upper reservoir site.

o
Figure 6-25 Image Depicting Location of Ben Gorm Site (Google Maps, 2014)

Figure 6-26, Figure 6-27 and Figure 6-28 exhibit the onshore wind speeds in the areas
surrounding the proposed site at Ben Gorm at 50, 75 and 100m in turn. The red circle
James Herley MEng in Civil Engineering
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on the map specifies the area in which the site is to be located. At 50m the wind speed
can be seen to vary between 6.25 to 8.75m/s, while it reaches highs of approximately
11.25m/s in some mountainous areas.

Mean Wind Speed |nvs|
■ 0-2.^ [ilb6-e/5 ■ n.<:5
B|-'25-25|

f^

)b:5-?

■ l)25.":

B|25':75[n^'2b

■ no <175

■ ».3

■ n;5.':

■ 3^ 3 25 n-S

■ 12 2>:

Hi325-35^::5.8

■ 1:25.'.5

■ 31 371 [33 611

■ 125.

■ 371'i 1

|9.^-81

■ 1275.'

■ r 4 25 i

|85-e^l

■ i3

■ 428-il|

|878-9

■ 13:5. ' ;5

■ <5-475^

^9-311

■ 135 .13'5

■ 475.1 1

1925-95 ■ .375-.

■ 5.5^ i

i95.5';

■ 515 55^95

;vA.
A*

•

■ l4
■ l4>

■ 55-575 Qii-IOS ■ 145 14'5
■ 575 6 ■"I'll 10 ■ l4^c
Sun'evirelindGoveinnent^IrdarKlIiccaceaiBbCTNEOOOOilO

t

■ 8.B25 ■105. ;: ■ l5<
65 ■<075 r

Figure 6-26 Onshore Wind Speed at 50m (SEAI, n.d.)

At 75m the wind speed can be seen to average between 7.25 to 9.25m/s, while
reaching up to 11.5m/s in various mountainous zones.
i<tean Wind Speed |nvs|
■ 0^225 [^5S-67‘ ■ ii-r.5
■ 225.25I 16 75 7 ■ 1125-"
■ 25-275 n 7 7 25 ■ l<5 II
■ 2^5.3 □ 7 25.7 5 ■1175.'
■ 3 325 □75 ’’5 ■ 12 '2>
■ 3:5.35[I] 7 75.8
■ 36.375 EI)8 825 ■ l25 12
■ 375.4 1 1825-85 ■ .2.’5.'
■| 4.4 25 □35.6^5 B|I3-'32■ 425-451 1875-9 ■ l3 25-'
■ 45-475 i9.925 ■ 135-13
■ 475-5 1 |925-95 ■ 1375.'
■ 5-525
195-975 ■ l4
■ 525 5 5 [i]9’5 <7 ■ l4X ^
^| 55-575 [□<0-1025 ■ 145 14
■ 5'5 6 ■l025' 10 ■ l4'5 '
■ 6-625 ■t05-10 75 ^l5<
^625 - 65 ■'075 1'

Figure 6-27 Onshore Wind Speed at 75m (SEAI, n.d.)
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At 100m the wind atlas shows the wind speed to fluetuate between 8.75 to 9.75m/s,
but reaehing up to 12m/s in several mountainous regions.
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Figure 6-28 Onshore Wind Speed at lOOm (SEAI, n.d.)

Figure 6-29, Figure 6-30 and Figure 6-31 show the wind speeds in the offshore areas
surrounding Ben Gorm at 50, 75 and 100m respectively. As expected these wind
speeds were found to be greater than the corresponding onshore wind speeds. Once
more the sites location within the wind atlas is identified by the red circle. At 50m the
wind speed can be seen to roughly vary between 8.5 and 9.75m/s, with some areas in
close proximity to the coastline dropping to lows of 8m/s.
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Figure 6-29 Offshore Wind Speed at 50ni (SEAI, n.d.)

By 75m the wind speed can be seen to vary between 8.75 to 10.5m/s, while appearing
to remain relatively unaffected approaching the coastline.
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Figure 6-30 Offshore Wind Speed at 75m (SEAI, n.d.)
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At 100m the wind atlas shows the wind speed to fluctuate between 9.5 to 1 Im/s, again
at this height the wind speed appears unaffected by the coastline dropping to lows of
roughly 9.25m/s.
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Figure 6-31 Offshore Wind Speed at lOOm (SEAl, n.d.)

Figure 6-32 is the image taken from the OPW's survey of Ireland's coastline near the
site. The location of the image is again indicated by the yellow circle in the aerial
image while the red circle signifies the upper reservoir location. The mountainous
topography is clearly evident signifying the presence of the large head difference
necessary for a SWPHES scheme.

Figure 6-32 Coastal Image of Ben Gorm using OPW Imagery Software (OPW, 2003)
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Google Earth was again used to further examine the topography of the site, the
landscape can be vividly seen in Figure 6-33 showing the sites features and contours.
The natural characteristics of the site form a bowl structures providing a good
foundation for the upper reservoir. Killary Harbour stretches in close to the site
providing a good area of calm sea conditions to locate an intake.

Figure 6-33 Google Earth View of Ben Gorm (Google Earth, 2014)

Figure 6-34 shows the positions of the SAC in the vicinity of the Ben Gorm site,
again the proposed location of the SWPHES upper reservoir is highlighted by the red
circle. It can be seen that the proposed site as well as its significant surrounding lies
within a protected area. As Figure 6-35 shows there are no SPA located in the vicinity
however the entire site is again classified as a NHA.
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Figure 6-34 Displaying SAC around the Ben Gorm Site (NPWS, 2014)
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Figure 6-35 Displaying SPA around the Ben Gorm Site (NPWS, 2014)
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Figure 6-36 Displaying NHA around the Ben Gorm Site (NPWS, 2014)

6.4.

Site Selection

In order to make the final seleetion for which site would be the most suitable a
weighted points system was developed. A weighted pointes system was used as not all
of the criteria on which the site will be judged, is of equal importance to the schemes
success. For example the distance to an outlet for the generated power is not as crucial
to the schemes success as the sites head height. The possible locations were judged on
seven different criteria, these are illustrated in Table 6-1. This will mean each site will
be awarded a score out of a possible 27 points with the site achieving the highest
score being deemed as the most suitable to house a SWPHES scheme. It is important
to note the scoring system was developed with these three sites in mind, therefore
some of the selection criteria might not relate to other sites well.
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Site Selection Points System
Criterion

Number of Available Points

Topography / Terrain

4

Total Head

5

Horizontal Distance to Source

4

Average Regional Wind Speed

4

Distance to Outlet

3

Impact on Protected Areas

3

Aesthetic Effect

4

Total

27

Table 6-1 Weighted Points System for Site Selection

6.4.1.

Topography/Terrain

The criterion, Topography/Terrain refers to the natural shape and environment
provided by the site prior to any manmade alterations. This was awarded a weighting
of four points; the key reason for rating this condition high is because if the natural
topography of the site is receptive to the installation of a reservoir, the visual impact
will be minimised. In other words the less artificial the finished reservoir will be. The
minimisation of the cut and fill process to shape the reservoir would also prove to be
cost effective. Also taken into account is a rough estimate of the volume potential at
the site. This is important as the larger the potential volume the greater the energy
storage capacity will be. As the aim is to alter the natural landscape as little as
possible a cross section of the reservoir will be estimated. This will be achieved by
taking a plan measurement across the reservoir between two opposing peaks. The
measurement taken is to be the one that will maximise the volume, along this line
three depths will be taken to form a cross section. This cross section will be assumed
to be representative of the entire reservoir, using the plan area and a general shape
best fitting the cross section a rough estimation of the volume potential will be made.
Points were awarded on the projected cut and fill work which would be required and
the estimated volume potential.
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Figure 6-37 Topography at Glanlough Site (Google Earth, 2014)

It can be seen in Figure 6-37 that the natural topography at the Glanlough site would
be very accommodating to a reservoir. The bowl structure is almost entirely enclosed
baring a region to the northern face which is sloping down to the coastline where fill
material would be required. Apart from that the general shape would not require a lot
of work apart from levelling the base of the reservoir. Also shown in Figure 6-37 are
two red lines running peipendicular to each other. One running north to south while
the other is east to west across which a cross section was taken marked with the five
reference points, this cross section was then modelled in Excel which can be seen in
Figure 6-38. The blue line is representative of the actual cross section found using the
five reference points while the red line represents the simplified cross section to be
used for the calculations. The graph again reinforces the point that in terms of the
general shape of the site very little cut and fill will be required. To calculate the
volume a perfect circle was imposed on the site taking the average length of the two
cross sections to be the reservoir diameter. As shown in Figure 6-39 a rough estimate
of the volume potential for the Glanlough site is 2.286 xlO^ m^ of water.
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Glanlough Cross Section
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Figure 6-38 Excel Representation of Glanlough Cross Section
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Figure 6-39 Glanlough Volume Estimation
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Figure 6-40 Topography at Eskatarrif Site (Google Earth, 2014)

Figure 6-40 shows that the natural topography of the Eskatarrif site would be
accommodating to a reservoir although not to the same extent as the topography at
Glanlough. The bowl shape would not encompass a large portion of the reservoir to
the east which is positioned at the bottom of Figure 6-40. There are again two
reference lines running perpendicular to each other, one going north to south while the
other is east to west. The north south line is marked with five reference points which
were used to create the cross section. Below the point where the east to west reference
line ends there is a significant fall where the elevation drops from roughly 120m to
1 Om. This section would require a large quantity of fill while a significant amount of
material would need to be cut so as to smoothen the cross section. The modelled cross
section can be seen in Figure 6-41 where the blue line represents the actual cross
sectional shape while the red line represents the simplified cross section to be used for
the calculations. The graph again reinforces the argument that a lot of material will
have to be cut away to form the reservoir with some filling also required. Similarly to
the Glanlough site it was assumed the reservoir was a perfect circle, this was attained
by taking the average length of the two cross sections to be the reservoir diameter. As
shown in Figure 6-42 a rough estimate of the volume potential for the Eskatarrif site is
5.215x10^ m^ of water.
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Eskatarrif Cross Section
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Figure 6-41 Excel Representation of Eskatarrif Cross Section

fi = 1043 m
Volume = - 7r(rf +

+ r2“)h

li = 2250m
h = 250m

1920m
= Average of (l^ & l2)/2= 1043m
r, = 563m

Volume =

521,511,449 nri^

=

5.215x10® m®

Eigure 6-42 Eskatarrif Volume Estimation
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Figure 6-43 Topography at Ben Gorm Site (Reservoir 1) (Google Earth, 2014)

Figure 6-44 Topography at Ben Gorm Site (Reservoir 2) (Google Earth, 2014)

It can be seen in Figure 6-43 and Figure 6-44 that the topography at the Ben Gorm site
would eonsist of two different basic shapes, a truncated eone and a triangular prism.
For the purpose of this report they will be referred to as “reservoir 1” and “reservoir
2”. The general shape of reservoir 1 was again similar to a bowl shape however it is
elear a significant quantity of material would have to be removed to ereate a reservoir.
Reservoir 2 is more of a triangular prism shape which would not require as much
material to be removed however there would be a requirment for both cut and fill the
cross section while the region at the bottom of Figure 6-44 as this continues to fall and
would not house areservoir without a significant quantity of fill. There are again two
reference lines running perpendicular to each other for each reservoir along whieh the
cross sections have been developed. The modelled cross sections can be seen in
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Figure 6-45 and Figure 6-46. The simplified cross section for reservoir 1 shows a
large quantity of material will have to be removed while other sections will require
lots of fill material, reservoir 2 can also been seen to require both cut and fill material.
Similarly to the two previous sites it was assumed reservoir 1 is housed within a
perfect circle while the volume of reservoir 2 was calculated as a triangular prism, the
sum of these volumes will equal the total upper reseiwolrs estimated volume. As
shown in Figure 6-47 and Figure 6-48 a rough estimate of the volume potential for the
Ben Gorm site is 7.324x1m^ of water.
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Figure 6-45 Excel Representation of Ben Gorm Cross Section (Reservoir 1)
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Ben Gorm Cross Section Reservoir 2
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Figure 6-46 Excel Representation of Ben Gorm Cross Section (Reservoir 2)
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Figure 6-47 Ben Gorm Reservoir 1 Volume Estimation
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h= 2000m

= 768m

a = 965m

:180m
b = 789m
c = 789m

X = V^7682 + 180^

Volume = - hJa* + 2(a5)* + 2 (ac)^ b* + 2(6c)^c‘'
4

:789m

= 602,658,367 m"
= 6.027x108

m^

Total reservoir volume = 6.027x10* + 1.297x10*
= 7.324x10* m*

Figure 6-48 Ben Gorm Reservoir 2 Volume Estimation

Topography & Terrain Summary Table
Site

Cut

Fill

Volume (m^)

Score /4

Gian lough

Minimal

Negligiable

2.286x10*

4

Eskatarrif

Extensive

Minumal

5.21510*

3

Ben Gorm

Extensive

Extensive

7.324x10*

2

Table 6-2 Topography and Terrain Summary Table

Table 6-2 shows a summery of the findings, the potential volume of all three sites is
more then adequate. To put these volumes into perspective the 292MW Turlough Hill
station has an upper reservoir with a storage capacity of 2.3x1 O^m^, therefore all three
sites were awarded points for this and only lost points due to the amount of cut and fill
work required.
6.4.2.

Total Head

As previously mentioned in section 2.2 Types of Hydroelectric Schemes, a
hydropower scheme with a head greater than 100m is considered a large scale
scheme. The lowest point of all three sites is in excess of 100m and all three would
therefore be considered large scale. To further classify the head heights it was decided
that the range 100 to 199m would be rewarded with four points while 200m or greater
would mean five points. The simplified cross sections were designed to best fit the
shape of a reservoir within the natural landscape of the site and therefore the base of
James Herley MEng in Civil Engineering

70

Pumped Seawater Hydropower in Ireland

Identifleation of Site

these cross sections will be used to determine an estimate for the final head height. As
the sea is the lower reservoir this was assigned an elevation of zero metres, for the
Ben Gorm site was this is treated as two reservoirs the lowest figure will be taken.
This is because the feed to the penstock will be located at the lowest point in the
reservoir to allow the water to flow naturally to it. A summary of the results can be
seen in Table 6-3.

Total Head Summary Table
Site

Total Head (m)

Score /5

Glanlough

310

5

Eskatarrif

200

5

Ben Gorm

150

4

Table 6-3 Total Head Summary Table

6.4.3.

Horizontal Distance to Source

The length of the penstock which connects the turbine to the headrace can impact on
both the cost and the output of a scheme. Unlike traditional hydro projects pumped
storage schemes have to connect two reservoirs where a significant plan distance may
exist. These large distances reduce the positive impact of the head as well as
increasing the friction loses throughout the system. The path of the penstock may
have to be placed so as to avoid obstacles such as unsuitable ground however for the
purpose of this a rough estimation will be made. This will be achieved by measuring
the distance from the lowest part of the upper reservoir which is closest to the point of
the source. Figure 6-49, Figure 6-50 and Figure 6-51 show a rough path estimating the
required penstock length, this numbers were rounded to the nearest whole figures as
they are just a rough estimate. For 0 - 500m four points were awarded, for 500 1000m three points awarded, for 1500 - 2500m two points awarded while greater than
2500m meant one point was attained. Table 6-4 summarises the results found.
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Figure 6-49 Penstock Length Estimation for Glanlough (Google Earth, 2014)

Figure 6-50 Penstock Length Estimation for Eskatarrif (Google Earth, 2014)

James Herley MEng in Civil Engineering

72

Pumped Seawater Hydropower in Ireland

Identification of Site

Figure 6-51 Penstock Length Estimation for Ben Gorm (Google Earth, 2014)

Horizontal Distance to Source Summary Table
Site

Total Distance (m)

Score /4

Glanlough

650

3

Eskatarrif

3000

1

Ben Gorm

2380

2

Table 6-4 Horizontal Distance to Source Summary Table

6.4.4.

Average Regional Wind Speed

Six wind speed ranges for each site were previously identified, these were recorded at
50, 75 and 100m elevations both on and offshore. An average value will be assigned
to each range and then the average of each range will be the wind speed assigned to
the site. Wind turbines generally begin to operate at wind speeds of 3-5m/s and will
cut out at speed of approximately 24m/s. Typically the optimal wind speed for
turbines is between 11 and 14m/s. As a result one point was award for speeds between
0 and 4m/s, two points were around to speeds between 5 and 8m/s, and three points
were awarded regions with an average wind speed between 8 and 10m /s while speeds
of 11 to 14m /s received four points. A summary of the results can be seen in Table
6-5.
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Average Regional Wind Speed Summary Table
Site

Wind Speed (m/s)

Score /4

Glanlough

9.00

3

Eskatarrif

8.75

3

Ben Gorm

9.00

3

Table 6-5 Average Regional Wind Speed Summary Table

6.4.5.

Distance to Outlet

In order for a hydro electrical generation scheme to be successful it is important that
there is an outlet for generated power. In order for this to be classified it was decided
the distance to the nearest power station of 110 kV or greater was determined. The
straight line horizontal distance between the source and outlet was taken to be
representative of what the actual length of cable network that would be required.
Realistically if a newly installed network was designed it would follow a carefully
planned path to the outlet designed to integrate the network as seamlessly as possible
and therefore would be much longer in length. Figure 6-52 is a map displaying the
high voltage network and stations located around the Glanlough site.
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Figure 6-52 Map of the High Voltage Networks and Stations in the Glanlough Region (ESB,
2009)
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It can be seen that the two closest 11 OkV stations are located at Oughtragh and
Knockearagh in Killamey. The line measurement tool in Google Earth was used to
attain an approximation of these distances. Glanlough to Oughtragh was found to be
shorter at a distance of approximately 35km while Glanlough to Knockearagh is
roughly 46km.
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Figure 6-53 Horizontal Distance from Source to Outlet at Glanlough (Google Earth, 2014)

Figure 6-54 displays a map of the high voltage networks and stations near the
Eskatarrif site.
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Figure 6-54 Map of the High Voltage Networks and Stations in the Eskatarrif Region (ESB, 2009)

James Herley MEng in Civil Engineering

75

Pumped Seawater Hydropower in Ireland

Identifieation of Site

It can be seen that the closest station of the required size is located at Ballylicky. The
line measurement tool in Google Earth showed this distance to be approximately
27km.

Figure 6-55 Horizontal Distance from Source to Outlet at Eskatarrif (Google Earth, 2014)

Figure 6-56 displays a map of the high voltage networks and stations near the Ben
Gorm site.
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Figure 6-56 Map of the High Voltage Networks and Stations in the Ben Gorm Region (ESB,
2009)
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It can be seen that there is a substantial distance from the Ben Gorm site to nearest
adequate stations in either Claremorris, Tuam or the Galway stations. Again using
Google Earths line measurement tool the approximate distances for each of these
stations is 47, 58 and 59km respectively.
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Figure 6-57 Hori/ontal Distance from Source to Outlet at Ben Gorm (Google Earth, 2014)

The sites were classified according to three groups, 0 to 20km, 20 to 40km and 40 to
60km with three, two and just one point being awarded to the sites which fall into
these categories. Sites over 60 km away were not awarded any points, Table 6-6
summarises the closest outlet to each site and the points that were subsequently
awarded.

James Herley MEng in Civil Engineering

77

Pumped Seawater Hydropower in Ireland

Identifieation of Site

Horizontal Distance to Outlet Summary Table
Site

Total Distance (km)

Score 13

Glanlough

35

2

Eskatarrif

27

2

Ben Gorm

47

1

Table 6-6 Horizontal Distance to Outlet Summary Table

6.4.6.

Impact on Protected Areas

The protected areas which were considered were Special Areas of Conservation,
Special Protected Areas and National Heritage Areas. Undertaking a development on
this scale in a protected area would require an Appropriate Assessment of the project,
this will determine the constraints that govern the construction within the protected
region as well as the mitigation measures to neutralise these constraints. This is a key
protection mechanism that is required before any decision is made to allow a plan or
project to proceed on such a site. The greater the number of protection classifications
that are imposed on a site the more difficult it will be to install mitigation measures.
As a result it was decided sites which are protected under all three classifications will
receive no points, sites protected under two classifications will receive one point. Two
points will be awarded to a site with one perfection classification while a site which is
not protected under any classifications will receive three points. The number of
protected regions at each of the proposed sites was detailed previously and a summary
of this can be seen in Table 6-7.

Impact on Protected Sites Summary Table
No. of
Site

SAC

SPA

NHA

Protected

Score 13

Areas
Glanlough

YES

YES

NO

2

1

Eskatarrif

YES

NO

NO

1

2

Ben Gorm

YES

NO

YES

2

1

Table 6-7 Impact on Protected Sites Summary Table
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Aesthetic Impact

A major obstacle which is faced by all construction projects located in scenic
mountainous regions of Ireland, is objection from those who do not wish to see the
natural landscape destroyed. This will not impact the affectability of the scheme,
however it could however make planning and acceptance of the scheme more
difficult. The installation of a SWPHES scheme would result in the boundary of the
upper reservoir to be smoothened, this may call for the reduction of mountainous
peaks or fill material to be added to lower lying areas. This was difficult to quantify so
therefore the topography of the area surrounding the reservoir will be examined and
judged based on its existing “smoothness” as well as “flatness" of the significant
boundaries and rated out of three.

Figure 6-58 depicts the Glanlough site looking from south to north, he confines of the
site is highlighted in red. It can be seen that this face of the reservoir slopes downward
towards the centre from both sides, the landscape it smooth, although the face would
have to be raised to match the sides.

Figure 6-58 View of the Glanlough Site Looking From South to North (Google Earth, 2014)

The reservoirs boundaries to the east and west are both relatively flat and smooth, as a
result these would not require significant work altering the natural landscape. The
north boundary is considerably smaller than the other sides and therefore obvious
alterations to the landscape would be necessary. However the other three boundaries
are those which are facing inland and would be the governing pieces of landscape. As
a result of this the site was awarded two points.
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Figure 6-59 View of the Glanlough Site Looking From East to West (Google Earth, 2014)

Figure 6-60 shows the Eskatarrif site looking from the north west direetion to a south
east direction. This allows for the all of the reservoirs boundaries to be seen.
Generally the topography is flat and smooth apart from a low on the north west face
and an almost non existing boundary on the east face, this is shown clearer in Figure
6-61. As this site is located further inland than the Glanlough site all of its boundaries
are facing land. This results in all four boundaries becoming important for its
integration into the landscape and therefore the site was only awarded one point.

Figure 6-60 View of the Eskatarrif Site Looking From the North West to the South East (Google
Earth, 2014)
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Figure 6-61 View of the Eskatarrif Site Looking From the North East to the South West (Google
Earth, 2014)

Figure 6-62 is a view of the Ben Gorm site looking from the north east to the south
west allowing for all of the sites boundaries to be examined. It can be seen the
topography is largely smooth and flat, it does however fall away significantly on the
north east face as highlighted in Figure 6-62. The westerly face shown in Figure 6-63
can be seen to be jagged with varying peaks and dips which would require alterations.
As the site is again located inland all of its boundaries are significant for it integration
into the natural landscape and as a result the site was awarded one point.

Figure 6-62 View of the Ben Gorm Site Looking From the North East to the South West (Google
Earth, 2014)
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Figure 6-63 View of the Ben Gorm Site Looking From the West to the East (Google Earth, 2014)

A summary of the assigned points based on the aesthetic impact that a SWPHES
project would have at the site can be seen in Table 6-8.

Aesthetic Impact Summary Table
Site

Score /3

Glanlough

2

Eskatarrif

2

Ben Gonn

1

Table 6-8 Aesthetic Impact Summary Table

6.4.8.

Points Awarded

Table 6-9 summarises the points which were rewarded under each of the chosen
criterion. It can be seen that Glanlough received the most amount of points with 27,
Eskatarrif came second with 18 and Ben Gorm received 14 points. As a result the site
which was chosen to house the potential SWPHES was the Glanlough site.
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Site Selection Points System
Criterion

Glanlough Score

Eskatarrif Score

Ben Gorm Score

Topography / Terrain

4

3

2

Total Head

5

5

4

3

1

2

3

3

3

2

2

1

1

2

1

Aesthetic Effect

2

2

1

Total/27

20

18

14

Horizontal Distance
to Source
Average Regional
Wind Speed
Distance to Outlet
Impact on Protected
Areas

Table 6-9 Site Selection Awarded Points
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7.0

Environmental Analysis

Environmental Analysis

As previously touched upon a project on this scale located in an area ideal for wildlife
and

vegetation to

flourish among other things,

would require

significant

environmental analysis prior to commencement. This analysis is to consist primarily
of a desk based environmental study, as the proposed site would impede on a SPA and
a SAC an Appropriate Assessment is to be completed. Environmental Management
System standards are examined and the advantages of putting such a system in place
are discussed.

7.1.

Environmental Impacts

In this section the environmental impacts of constructing the proposed scheme are
examined, chiefly using the guidelines set out in EPA’s document "Guidelines on the
information to he eontained in Environmental Impaet Statements ” (EPA, 2002). The
general environmental setting within the project vicinity is described as well any
environmental resources that could be cumulatively affected by the schemes
constmction. The resources to be examined are:
•

Socioeconomic

•

Flora and Fauna

•

Soil

•

Water

•

Air

•

The Landscape

•

Material Assets i.e. Architectural, Archaeological and Cultural Heritage.

For each of the environmental resources present the existing condition will be defined,
this is to attain a baseline against which to measure the effects the proposed project
may have. Following this the nature, magnitude and duration of the impact which will
to occur will be detailed as well as the consequences which are to be expected as a
result, during both the construction and operational phases of the project. Finally a
proposed mitigation measure for each impact is to be detailed where possible.
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Environmental Analysis

Proj ect Description

The proposed SWPHES project for the Glanlough site would consist of an upper
reservoir, a headrace, a penstock, a powerhouse, sluice gates, a tailrace and
miscellaneous facilities. Figure 7-1 shows the proposed project area and site layout,
the larger red circle highlights the location of the upper reservoir while the smaller
circle represents the intake location. It is planned to contain the penstock, powerhouse
and the other components underground to reduce the impact.
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Figure 7-1 Proposed Project Area and Layout

The proposed upper reservoir for the site would consist of a reservoir of
approximately 185 hectares utilising the existing bowl like topography of the region,
as well as encompassing Glendalough Lake which is within the proposed reservoir
boundary. The total storage capacity of the reservoir is estimated to be in the region of
2.286x1 O^m^ at an estimated head elevation of 310m. To complete the reservoir one
dam of approximately 600m in length and 120m in height is to be constructed on the
north facing boundary of the site. It is proposed to construct the dam out of roller
compacted concrete, a material commonly used in dam eonstruction; however the
final material would be selected during the final design process after onsite geology
and soils testing had been performed.
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The project will require an upper pressure tunnel with a vertical tunnel shaft, an
underground surge tank is to be attached to the vertical tunnel shaft to combat sudden
escalations and reductions in water pressure. A lower tunnel and a manifold that
transitions from the lower tunnel to the penstock pipes is also necessary. These
features of the scheme have not yet been designed. It is proposed that the penstock
tunnels will consist of four pipes conveying the water to the turbines. As calculated in
Appendix A of this document the four penstock pipelines are to be approximately
650m in length and 3250mm in diameter. The powerhouse facility would be located
underground and house four reversible pump-turbine units each rated at 328MW, for a
total installed capacity of 1312MW.

The lower reservoir would be the Atlantic Ocean located off the coast of the
Glanlough site as indicated in Figure 7-1. The reseiwolrs inlet and outlet structure will
be positioned below the low tide level and protected by a breakwater, constructed
using precast core-loc armour units. The lower water conveyance system would
consist of a tailrace tunnel and a series of draft tube tunnels which would convey the
water from the powerhouse to the tailrace.

The electrical transmission system into the hydro station has not been designed,
however based on existing schemes of a similar scale it is proposed to run four 38kV
underground transmission cables into the site. These transmission cables will enter
through the powerhouse access tunnel, they will then extend to the ground service
through the vertical tunnel shaft where they will enter an electrical substation. It is
proposed to run these cables from the 38kV station at Gurranebane approximately
8.5km away. It is possible that this scheme could be run as a hybrid renewable energy
project combined with either one or both wind and wave energy developments. In this
case further transmission cables from these projects will feed into the site. From the
onsite substation a new double circuit llOkV transmission line is to run from the
station to the Oughtragh station roughly 35km away. A double circuit system is to be
used as this will ensure greater reliability.
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Other facilities that would be required at the site include a water supply system and a
water treatment system. Due to the remote location it is proposed to pump water from
water supply wells at the site, note no specific wells have been identified. An
underground water supply pipeline network will deliver the water throughout the site.
It is suggested that because of the remote location, the wastewater is to be treated on
site, pipelines will convey the water to the water treatment facilities, as the site is in
close proximity to the sea desalination facilities are also to be installed. About 10km
of permanent construction and access roads will be required to navigate the site and
link it to the nearby N70 roadway.
7.1.2.

Project operation

The proposed project, configured with the four reversible pump-turbine units and
tunnels, would use off-peak electricity to pump the water from the lower reservoir to
the upper reservoir. Future development may integrate wind or wave energy
production schemes, the surplus energy generated by these systems would be utilised
to operate the pumps as a means of storing the renewable energy. The system will
then operate during peak electrical demand periods by passing the water from the
upper to the lower reservoir through the tunnels and generating turbine units. These
lows in demand are expected to be predominately during weekday nights
(approximately 23.00 to 06.00). On the other hand the periods of high demand are
expected to be day time during weekdays (approximately 10.00 to 19.00). Due to the
fast start up times associated with a pumped storage project, immediately available
standby generating capacity is obtainable.

As the area of land which will drain into the upper reservoir is so small, rainfall events
will not have an effect on the reservoir. The proposed energy storage volume would
permit operation of the project at full capacity for up to 116 hours or four days and 20
hours.
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7.1.3.

Environmental Analysis

Environmental Resources Examined

Socioeconomic
Existing Conditions ofAffected Environment
The Glanlough site is located in the South West of Ireland just off the coast of County
Kerry. The site is situated in a mountainous region between Cahersiveen and
Glenbeigh, approximately 62km from Killamey. The largest towns within 65km of
the site are Cahersiveen, Knightstown, Waterville, Glenbeigh, Cromane, Beaufort,
Milltown, Killorglin and Killamey the populations of these towns in 2011 can be seen
in Table 7-1. These are the latest population figures available for these towns.

Population Statistics of Nearby Towns
Towns

Population

Cahersiveen

1168

Knightstown

215

Waterville

465

Glenbeigh

285

Cromane

115

Beaufort

228

Milltown

838

Killorglin

2082

Killamey

14219

Total

19615

Table 7-1 Population Statistics of Nearby Towns (CSO, 2011)

This results in a total population around the site accumulating to almost 20,000
people, the most of which are located in Killamey. There are however numerous other
smaller towns for which data is not available, as a result the total population of the
region would be expected to rise although not significantly (<3000).

According to a report created by Teagasc examining the economy in mral towns in
Ireland, five of the towns surrounding the site are ranked among the top 302 towns in
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Ireland for unemployment. The study only considered towns which together with their
surrounding districts had a population of more than 1,500 in 2011. Five towns within
the surrounding area to the site were listed, these can be found inTable 7-2.

Unemployment Ranking of Rural Towns
Towns

Unemployment Ranking/302

Coom

47

Kilcummin

53

C ahersiveen

59

Milltown

106

Killorglin

146

Average

82

Table 7-2 Unemployment Ranking of Rural Towns (Teagasc, 2011)

The aforementioned towns are ranked between 47 and 146 of the 302 rural areas
examined in terms of unemployment rates. If these towns were viewed as a collective
(average ranking 82) they would be placed within the top 30% of towns with high
unemployment rates.

The community and social services available in the region include education facilities,
churches, libraries, a hospital and nursing homes. There are three fire stations within
the sites proximity, these are in Cahersiveen, Killamey and Killorglin. Cahersiveen
has one full time station officer with nine retained fire crew members. The Killamey
station again has one full time station officer with 14 retained fire crew members.
Lastly the Killorglin has one full time station officer working with nine retained fire
crew members (Kerry Fire & Rescue Service, 2012). The nearest hospitals to the
project are located in Killamey and Tralee, both more than 60km away.

The most common land use in the region is for agricultural use, however the reservoir
site is left fallow.
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Environmental Effects during Construetion
It could be estimated by looking at PHES projects of a similar scale that construction
will take from four to six years and will generate a significant amount of employment.
This increase in employment would have a beneficial effect on local employment and
income. It is expected that the majority of the general labour required during
construction would be attained from the available labour pool within the region.
Where possible it is hoped the skilled trade’s personnel could also be taken from the
local region. In order to meet the peak personnel demands as well as some of the
skilled personnel non-local workers would be necessary. These workers would require
temporary housing accommodations. The townlands around the site are rich with
hotels and bed & breakfast facilities, it is predicted that these together with available
housing and rental units would provide sufficient accommodation. Due to the number
of facilities, it appears the region has sufficient medical facilities. This takes into
account larger hospitals in nearby cities such as Cork and Limerick. As no new
housing construction is anticipated, it is expected that the existing public services such
as water, sewer and water would be adequate for the project related workforce. The
project could also generate substantial sale tax revenue through the purchase of
material and equipment with the country.

Mitigation Measures during Construction
There are no mitigation measures proposed related to socioeconomic parameters.

Environmental Effeets during Operation
Based on projects of a similar size it would be expected approximately 30 employees
working in two 15 person shifts would be required to operate, manage and maintain
the project. The proposed staff breakdown is three management personnel, seven
engineers, two power plant operators, one maintenance technician and two
administrative staff. The socioeconomic effect expected during the operational phase
would be much less than during the construction phase. The continuous purchase of
supplies and parts within the region would add annual loeal economie benefits. The
small work force will have a negligible impact on housing, schools and other public
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services within the area. There will be no displacement of residences or business
establishments due to the construction and operation of the project.

Mitigation Measures during Operation
There are no mitigation measures related to socioeconomic parameters.
Flora
Existing Conditions ofAffeeted Environment
The mean annual rainfall for the region is among the highest in the country, according
to MET Eireann between 1981 and 2010 the annual average was approximately
2400mm of rainfall (MET Eireann, 2010). The heavy rainfall com.bined with the
mountainous terrain and lakes give rise to various flora species. The dominant shrubs
in the region are Gorse and Rhododendron Ponticum. Western Gorse is common
among highly exposed Atlantic coastal heathland and montane habitats. The dense
thorny cover provided by the Gorse is ideal for providing protection for bird nests.
The ecology in the region developed without the presence of Rhododendron
Ponticum, its manifestation today is a result of human introduction. Other species
such as Fuchsia Magellanica and Montbretia were also naturalised to the region
through human introduction, these species are mostly found more during the summer
seasons. Glendalough Lake which is situated within the confines of the site proposed
to house the upper reservoir is largely surrounded by Spiranthes Romanzoffiana. This
species is listed by the lUCN Orchid Specialist Group as having ""eritteally low
populations" in Europe (lUCN, 1996). As a result this species is protected in Ireland
under the Wildlife (Amendment) Act 2000 and under the Flora Protection Order,
1999. Human disturbance and recreational activities are two of the greatest threats to
the species in this location. The disturbance damages flowers thereby preventing
pollination and subsequent seed set. Agricultural processes in the vicinity such as
fertilisation and herbicide use as well as silage cutting may also be contributing
factors.
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As the proposed site is loeated within a Natura 2000 area containing protected habitats
an Appropriate Assessment was undertaken to consider these species. This can be
found in the later section "Appropriate Assessment”.

Environmental Effects during Construction
When developing the site the flora will have to be removed so as to facilitate the
reservoir. This will result in the removal of large quantities of Western Gorse and
Rhododendron Ponticum, these species are abundant along the exposed Atlantic
coastline; as a result the quantity to be removed is negligible. The removal of the
naturalised species such as Fuchsia Magellanica and Montbretia will also be
necessary. These are not essential to the regions ecology and occur throughout the
region not just at the reservoir site. Therefore the removal of these species is also
negligible. The direct disturbance of the endangered Spiranthes Romanzoffiana
around the Glendalough Lake is unavoidable.

Mitigation Measures during Construction
There are no mitigation measures related to common occumng flora in the region.
However it is planned to safely remove of all Spiranthes Romanzoffiana from
Glendalough Lake and replant these are the nearby Roads Lough, Kells Lough, and
Coommacraniagh Lake. Designated biological monitors would be onsite during
construction to oversee this process, they are to be responsible for clearing and
designating safe work areas, flagging sensitive areas, and monitoring exclusion
fencing. Construction personnel would be instructed to only work in areas approved
by the biological monitors. They would also be required to develop a quantitative
description of the Spiranthes Romanzoffiana community so the success of the
replantation can be measured and monitored.

Environmental Effects during Operation
There are no environmental effects expected at the main project site during the
operational phase of the project as the flora within the site will have been removed.
However maintenance work will be necessary during the projects operation on
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transmission line support structures or water pipelines which may affect sensitive
plants.

Mitigation Measures during Operation
It is proposed that the topsoil removed during construction would be retained and
returned to the landscape of the finished site. The commonly occuiring flora that
would have previously been at the site such as Western Gorse, Rhododendron
Ponticum, Fuchsia Magellanica and Montbretia are to be replanted in these areas on
the operating project. All maintenance work being undertaken on the transmission
lines and water pipes which requires ground disturbance should be carried out in the
presence of biological monitors.
Fauna
Existing Conditions of Affected Environment
The proposed project area contains a tremendously diverse selection of fauna, these
include both species that are migratory and native to the region. Red deer can found in
the mountainous regions around the site and are believed to be the only native wild
Red Deer that exist in Ireland today. The Japanese Sika Deer which was introduced to
the area circa 200 years ago. It is now suspected there are over 1,000 of these animals
are to be found in the region. They tend to be a nocturnal deer who follow a season
migration pattern. This sees them seek lower elevations during the winter and they
migrate to higher mountainous regions during the summer season. They are typically
found in patchy clearings of forests, of the deer species found in Ireland they are
known to pose the greatest threat to forestry and agriculture. Sika a protected under
the Wildlife Act 1976 and may be hunted under licence (Office of the Attorney
General, 1976). The Kerry Cattle is an integral species to the region, thought to be the
oldest breed of cattle in Europe. It has the distinction of being the first breed
developed primarily as a milk producer and can be found on numerous farms within
the region.

Natterjack Toad, this is Ireland’s rarest amphibian. This endangered species has a
very limited distribution; with its stronghold being a few sandy coastal sites within the
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project region. The Natterjack Toad can be easily identified by the distinctive yellow
stripe which runs down its back, and rather than hopping like a regular frog they run
in short bursts. During the day they can be found in the region sheltering under stones
and rocks, then at dusk the toad ventures out to feed on insects. During the winter the
Natterjack Toad hibernates and then breeds during the spring and summer months.

The Skellig Islands and Puffin Island, small precipitous rocky pinnacles rising from
the Atlantic Ocean off the coastline from the project site are particularly important for
certain seabird species. These are Manx Shearwaters, Storm Petrels and Gannets.
Gannets can also be found on the mainland together with the Wren, Robin, Stonechat,
Heron, Cormorant and Curlew.

The Manx Shearwater and the Storm Petrel typically migrate to all coasts of Ireland
between March and August with the largest colonies found in the Skellig Islands and
Puffin Island. These uninhabited islands are their preferred breeding location during
the summer months. According to Bird Watch Ireland almost 25% of the European
population of Storm Petrels breed in approximately ten sites in Ireland (Bird Watch
Ireland, 2014). As a result the colonies found on the Islands near to the site are of
particular importance. Another species found on these Islands is the Gannet, the
European population of the Gannet is listed as secure. Gannets can be found in the
region throughout the year.

The Wren and Robin are two of the most common and widespread birds found in
Ireland today are also commonly found within the project region. They are found
nesting in the areas of heavy vegetation while the robin can be found in open fronted
nest boxes provided by persons in the area. The Stonechat has a smaller population
than the Wren and Robin in the area, however it is still a wide spread resident in the
region, nesting in areas of Gorse. Herons is commonly found in wetlands and
estuaries in the region.

Curlews nest on the bog land in the region during the winter months, there long bills
are adapted to probing for worms deep in the soft soil in the area. Over the last
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number of decades the population of Curlews has vastly decreased, as a result the
Curlew has been red-listed as a globally threatened species by the International Union
for Conservation of Nature (lUCN) since 2007 (lUCN, 2014).
Sea trout can be found in the sheltered coastal areas and estuaries around the site. In
the open waters Grey Seals, Dolphins, Minke Whales, Beaked Whales are commonly
found. Grey Seals are protected under the Wildlife Act 1976 and can be found in the
rocky uninhabited Skellig Islands and Puffin Island off the coast from the site during
mating season (August to November). When outside of mating season Grey Seals
spend the majority of their time in the sea with resting periods again spent on the
nearby islands. The dolphins and whale species can be found in the Ocean off the
coast of the site.

As the proposed site is located within a Natura 2000 area containing protected species
an Appropriate Assessment was undertaken to consider these species. This can be
found in the later section ‘Appropriate Assessment”.

Environmental Effects during Construction
The construction effects expected on the local vegetation and habitats have the
potential to affect wildlife through changing the habitat characteristics. Construction
of the transmission lines, water pipes and wastewater pipes in and out of the site
would disturb some of the land outside of the project facilities footprint. The bulk of
the disturbances would however be localised within the project footprint, having a
minimal effect on the adjacent region.

The construction phase of the proposed project would also require heavy vehicle
traffic during the construction period, extended human presence, increased noise
levels and increased levels of artificial light. All of these factors have the potential to
disturb the fauna in the area thereby increasing their susceptibility to predators,
reducing scavenging success and possibly unsettling breeding behaviour. The
potential for collisions between vehicles and wildlife would be increased, while the
noise associated with heavy machinery would be an unavoidable effect. Open pits.
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trenches, areas of shade created by machinery and material stockpile locations could
all create hazardous areas for wildlife.

The construction of the intake structure on the coastline will require heavy machinery
and various materials. The use of these in close proximity to the water will result in an
increased likelihood of the water becoming contaminated.

Mitigation Measures during Construction
Biological monitors are to complete surveys along the proposed transmission line
network as well as the water and wastewater pipe network. This will ensure all
endangered habitats will be avoided and any significant nesting sites along the route
will be identified. Where possible the design of these networks would avoid all
habitats. The biological monitors are to oversee all vegetation clearance and work
would not proceed until such a time they are satisfied it is safe to do so. Careful
planning and design of construction areas and access roads will help reduce the extent
of the disturbances of native habitats and maintain existing drainage patterns, this will
limit the projects effects in these areas. At the end of each day temporary fencing or
covers would be placed on or at these pipeline trenches.

Prior to construction, surveys would be completed of all possible nesting sites for
migratory birds by the biological monitors. Further surveys would be conducted at the
identified nesting sites during all construction activities. The timescale of the survey is
dependent on the species habits, for example some species will migrate for the winter
months while others migrate in the summer months. It would be the responsibility of
the biological monitors to develop exclusion zones where exclusion fencing would be
erected. These should help ensure the animals do not occupy hazardous areas reducing
the construction effects. When working close to these zones construction activities
would be limited to daylight hours.

Further surveys are also to be completed on the rocky shoreline and around the
Glanlough Lake to determine if the Natterjack Toad is present within the sites
footprint. If populations of this species are found on the site it is proposed that they
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are removed to a location outside the exclusion zone. This is just a temporary measure
for the Natterjack Toad which will endure they are not impacted by the physical
dangers of construction. The existing habitats in the areas directly surrounding the
Glanlough site are deemed to be sufficient to allow the abundant species to disperse to
the undisturbed areas during construction.

Prior to any work taking place on the intake structure the breakwater is to be
constructed under the supervision of a biological monitor. This structure would create
a barrier to the larger wildlife found in the sea. Protective netting is to be erected
which will eliminate materials and debris from entering the water during its
construction. All machinery and equipment that requires fuel and/or oil which is to be
used in close proximity to the water will be subject to daily inspections. These
inspections will minimise the possibility of a leak occurring. Biodegradable oils are to
be used where possible, reducing the impact a potential leak would have.

Environmental Effects during Operation
During the projects operation the upper reservoir would equate to approximately 185
hectares of surface water. The reservoir poses a drowning threat, while the inspection
roadway constructed around the reservoir could result in fauna and vehicular
collisions. As the reservoir will contain seawater it is not expected to attract the
wildlife originally found at the fresh water Glendalough Lake. The seawater could
however attract sea gulls, bringing this predatory species further inland into the
project area, potentially increasing the predation rates on the local wildlife.

Mitigation Measures during Operation
Exclusion fencing would be constructed around the upper reservoir to prevent larger
species of wildlife access to the reservoir. The lower portion of the fence would be
designed so as to prevent access to smaller species, it is proposed to line this section
of the fence with a material for example a smooth metal.

All fences would be

inspected on a monthly basis, as well as after any major storm events. If any damage
is found temporary repair would be undertaken immediately with permanent repair
being completed within a week of the discovery.
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Once the construetion phase has been completed, the temporary exclusion fencing
will be removed allowing the Natterjack Toad to move freely again during the plants
operation. According to the report '"The Natterjack Toad in Ireland: Current Status
and Conservation Requirements” by Trevor Beebee the translocation of this toad
species in the region is one with high success. It is therefore expected that with the
assistance of manmade ponds on the operating site, a suitable habitat will be created
to ensure the successful integration of the species on the site.
Soils
Existing Conditions ofAffected Environment
The proposed project site is located approximately midway along the Killurly
Commons Mountains on the Kerry coastline. Glendalough Lake is found within the
site while Roads Lough lies in the mountainous region to the east, the terrain is again
mountainous to the west of the site. The Atlantic Ocean lies to the north while the
land to the south of the site is predominately agricultural.

The soils profile of the region was attained from the EPA’s Envision Map Viewer and
can be seen in Figure 7-2, the red circle indicates the location of the upper reservoir.
Using the legend of soil types provided in Appendix B it is evident the chief soil type
in the Killurly Commons Mountains is a peaty podzol type soil. Within the site this
soil is mostly found north of the upper reservoir with some found within the proposed
reservoir. The base of the upper reservoir is primarily made up from two soil types,
acidic peaty gleys and blanket peat; the water found on the site is from Glendalough
Lake. The coastline to the north of the upper reservoir is primarily peaty podzols, with
a small section of surface water gleys and acidic peaty gleys. The subsoil profile of
the Killurly Commons Mountains can be seen in Figure 7-3, the upper reservoirs
location is again highlighted by the red circle. Again using the legend provided in
Appendix B the dominant subsoil found in the region is shown to be bedrock. The
dominant subsoil types at the base of the upper reservoir site is shown to be sandstone
from the Devonian period and blanket peat. The bedrock extends out to the coastline
north of the upper reservoir where a small patch of Devonian sandstone is also
present.
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Figure 7-2 Soil Types around the Glanlough Site (EPA, 2014)

Figure 7-3 Subsoil Types around the Glanlough Site (EPA, 2014)
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Environmental Effects during Construction
The soil in the region is undisturbed as the land has seen little to no occupation. The
peaty soil is likely to subside under the weight of the heavy machinery. The sloped
sides of the mountain terrain may become unstable with the weight of this machinery.
This could potentially lead to surface failure and the soil to slip, possible failures
include hydrocompaction, subsidence, liquefaction and landslides during construction
processes. During construction blasting and boring would be required to shape the
reservoir topography as well as constructing the various underground tunnels and the
powerhouse.

All of these disturbances to the area will increase the sediment mobilised during
heavy rain events, leading to raised sediment load in the runoff leaving the site. This
will lead to more sediment being deposited in the low lying areas both in and outside
the reservoir, as well as deposits into the Atlantic Ocean.

Mitigation Measures during Construction
A detailed geotechnical investigation of the entire site would be required to allow for
the final project to be designed. This investigation would consist of exploration bore
holes to produce detailed geotechnical maps of the area. This would further enhance
the understanding of the potential for hydrocompaction, subsidence and landslides as
well as the related effects. The geotechnical investigation is also to study the effects
blasting and boring would have on the geotechnical conditions. As part of these
investigations slope stability is to be addressed before any machinery or construction
work begins at the site. It is proposed to remove or grade and unstable slope which are
identified.

Environmental Effects during Operation
It is probable the design of the upper reservoir will see the removal of much of the
peaty top soils within the reservoir site and the primary structures will be anchored to
substantial bedrock. Although unlikely it is however possible subsidence could occur
throughout at the life cycle of the project as subsidence can occur at various rates and
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time periods. The soil maybe exposed to contamination from the salt in the seawater if
leaks were to be present. This problem is addressed under the section "Water”.

Mitigation Measures during Operation
As part of the Environmental Management System to be put in place at the site,
inspection personnel will be trained to detect the signs of subsidence. Should any
structural cracks or other signs of subsidence occur, geotechnical engineers will be
consulted on how to proceed.
Water
Existing Conditions ofAffected Environment
The average annual rainfall in the region between 1981 and 2010 was approximately
2400mm (MET Eireann, 2010). December and January are two months where the
most rain falls while June is generally the driest month of the year. Much of the water
that falls in the site will run into the centre of the valley and follow the sloped
topography to the Ocean. Some of the rain that falls on the westerly face of the valley
will collect in the Glendalough Lake. The water quality in the area is rated as good
unpolluted water, this is a result of the undisturbed geology in the area. There are no
factors in the region that would pollute the water; none of the agricultural land in the
region drains into the project site. Table 7-3 summarises the concentrations of the
nutrients found in the groundwater.

Groundwater Quality in the Region
Nutrients

Concentration (mg/1)

Ammomium

>0.04

Nitrate

5.0-9.9

Phosphate

>0.015

Table 7-3 Groundwater Capacity in the Region

The proposed detailed geotechnical investigation of the site will also establish the
groundwater

level,

the

hydraulic

characteristics,

specifically

the

hydraulic

conductivity as well as the identification examination of aquifers.
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Due to the low population in the area the domestic wastewater risk is rated as a low
risk non sensitive area. There are three active wastewater treatment plants in the
region, Glenbeigh, Cahersiveen and Knightstown.

Environmental Effects during Construction
Construction of the proposed scheme would see a rise in the amount of disturbed soils
in the area vulnerable to mobilisation. This unstable soil could affect sedimentation
and turbidity.

Mitigation Measures during Construction
The increase in the potential for sedimentation and turbidity as well as the slope
stability are addressed under the section “Soils ”.

Environmental Effects during Operation
As the scheme proposes to use seawater to drive the turbines, the upper reservoir will
store large quantities of seawater throughout the lifecycle of the project. Water leaks
from the reservoir would see seawater entering the ground in and around the project
area. The salty water could have an adverse effect on plant growth through toxicity
from excessive salt uptake, reduced water uptake and/or the reduction in the uptake of
essential nutrients. Signs of salt damage include darker and smaller leaves than
normal and stems with shorter spaces between leaf nodes. Over prolonged periods of
exposure the leaves will turn yellow in colour with the edges turning brown.

As a result of the upper reservoir, the rainwater falling in the area which normally
drains to either the ocean or Glendalough Lake will be obstructed from doing so.

Mitigation Measures during Operation
As the saltwater could have adverse effects on the surrounding environment, the
reservoir design is to include leak protection. It is proposed to use high-density
polyethylene (HDPE) textured geomembrane lining to line the reservoir base. The
thickness and number of layers will be specified during the project design. A
groundwater monitoring program will be developed using seepage and monitoring
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wells. This will periodically test the groundwater surrounding the reservoir. Through
this testing any leaks of the saltwater into the groundwater will be detected. As the
project will see the storage of large quantities of water, elevated above occupied land
and dwellings a reservoir break and analysis design of flood conditions is to be
developed as part of an emergency action plan.

The rainwater which falls directly into the upper reservoir will combine with the water
in the reservoir, this rainwater will be negligible compared to the reservoirs capacity.
A drainage scheme is to be designed for the access roads as well as the inspection
road surrounding the upper reservoir.
Air
Existing Conditions of Affected Environment
The Environmental Protection Agency are the body responsible for managing the
national ambient air quality monitoring network. As part of this monitoring the levels
of a number of atmospheric pollutants are measured, particularly those resulting from
traffic such as Particulate Matter and Nitrogen Dioxide. According the EPA’s Air
Quality Index for Health the air quality in the region is rated as *‘Good” with no coal
restrictions in the area (EPA, 2014). The closest air quality monitoring station is
located at the Met Eireann observatory in Cahersiveen approximately ten killometers
away. This clean air can be attributed to the rural setting void of major developments
and the low traffic levels in the area.

In order to maintain acceptable ambient air quality and protect public health European
Union directives have been published detailing the standards required. The directives
governing Ireland’s air quality are the Ambient Air Quality and Cleaner Air for
Europe (CAFE) Directive (2008/50/EC) and the Fourth Daughter Directive
(2004/107/EC). These directives establish the concentrations above which the various
pollutants are likely to induce adverse health effects on vunerable groups within the
population. The goal is to ensure the scheme will not cause of contribute to an
exceedance of these limiting values. A brief discription of the four pollutants which
are most relevant to a PHES scheme are provided below.
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Carbon monoxide is a colourless, oderless gas which is emmited during the
combustion process. Motor vehicles are the largest emmiters of carbon monoxide in
Ireland with the highest concentrations occuring under cold and stagnant weather
conditions. It is more readily absorbed into the bloodstream when compared to
oxygen, therefore inhaling even small quantities can have harmful effects. The inhaled
carbon monoxide reduces the bloods ability to transport oxygen, resulting in a
reduction of the blood supply to the heart, lungs and other tissues. Prolonged exposure
is particualerily risky to those suffering from cardiovascular disease.

Particulate matter either classified as PM 10 (diameter less than lOpm) and PM2.5
(diameter less than 2.5pm) is a mixture of various substances including metals,
carbons, nitrates, sufates and organic compounds. Possible sources of this particulate
can be from exhaust emissions, soil, road surfaces, construction work and industrial
emissions. These particulates can be harmful to human health as they are capable of
penetrating into the innermost regions of the lungs. Exposure to such particulates can
aggravate respiratory illnesses, being espeically harmful to those with preexisting
heart and lung diseases.

Ozone is a colourless, odorless gas that is a natural component of the atmosphere.
Ozone is emitted not directly as a pollutant but is formed when hydrocarbon and
nitrogen oxides emissions photochemically react in the presence of sunlight. The best
conditions for ozone formation are low wind speeds with warm temperatures,
exposure to ozone can irritate the lungs and cause damage to the respiratory system.

Sulfur dioxide (SO2) is a by-product of the combustion of a fuel containing sulfur, for
example coal and diesel. The primary sources of sulfur dioxide in Ireland coal and oil
for heating and for electricity production. The gas attacks the throat and lungs,
prolonged exposure can contribute to respiratory illnesses like chronic bronchitis.
Sulfur dioxide can also contribute to the genaration of acid rain which has harmful
effects on vegitation and structures. Levels are generally low in Ireland with a
reduction seen in recent years due to the increased use of low-sulfur '‘smokeless” coal
and in the increase in the use of natural gas. Table 7-4 shows the air quality data taken
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from an EPA report detailing the pollutant levels during 2004, as well as the limiting
coneentrations of these pollutants (EPA, 2004). Appart from the annual mean values
each concentration taken is the maximum recorded concentration over the monitoiring
period. It is stated that throughout this monitoring period no limiting values were
exceeded in the region.

Noise pollution as a result of the scheme was also examined, noise is defined as any
sound which is unwated and can come from many sources. In order to quantify noise
it is defined by its sound pressure. To best detail the noise environments and to
evaluate the effects of the noise on sensitive areas, the A-weighting frequency
weighting measurement systems was used. This weighting system has been found to
simulate the human ear's reduced sensitivity to low frequencies and relates well to the
human perception of imtating noises. Table 7-5 depicts the a-weighted decibel scale
(dBA) sound levels of typical noise enviroments based on research undertaken by the
Federal Interagency Committee on Noice (FICON, 1992). The regulations which will
govern noise in the region are The Environmental Protection Agency Act 1992
(Noise) Regulations 1994 (S.l. No. 179 of 1994) and EU Directive (2002/49/EC). The
project area is rural and experiences reasonably low noise levels, it is estimated these
average between 30 and 50dBA. The primary noise source in the region is from
vehicles on the N70 and argricultural machinery on the surrounding farmland. The
area directly surrounding the footprint of the site is largely void of receptors sensitive
to noise such as residential areas, schools, hospitals and churches. The closest densely
populated area to the site is Cahersiveen nearly ten kilometres away.
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Air Quality in the Region
Application of

Limiting

Max. Site

Limiting

Concentration

Concentration

Concentration

(ug/m^)

(ug/m^)

10,000

1,900

50

40.1

Averaging
Pollutant
Period
Carbon

8 hours

Not to be
exceeded

Monoxide

Not to be
Particulate
Matter (PM 10)

24 hours

exceeded over
35 times in a
calendar year

Particulate
Matter (PM 10

Calendar year

Annual mean

40

24.9

Calendar year

Annual mean

25

9..7

120

105

350

63.6

125

17.7

Particulate
Matter
(PM2.5)
Not to be
Ozone

8 hours

exceeded over
25 days in a
calendar year
Not to be

Sulfur Dioxide

1 hour

exceeded over
24 times in a

(SO2)

calendar year
Not to be
Sulfur Dioxide
(SO2)

exceeded over
24 hours

3 times in a
calendar year

Table 7-4 Air Quality in the Region (EPA, 2014)
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A-weighted Decibel Scale (dBA)
dBA

Overall Level

Example Noise Environment

Uncomfortably loud (32
120

times as loud as 70dBA)

Military jet at taken off, from 15m

Very loud (8 times as loud
100

as 70dBA)

Jet flyover at 300m

Loud (2 times as loud as
80
70

70dBA)
Moderately loud

Diesel truck at 65kph from 15m
Vacuum clearing indoors

Relatively quiet (1/2 as loud
60

as 70dBA)

Dishwasher indoors from 3 m

Quiet (1 /4 as loud as
50

40

70dBA)
Very quiet (1/8 as loud as
70dBA)
Extremely quiet (1/64 as

10
0

loud as 70dBA)

Small private office from indoors

Bird calls

Just audible

Threshold of hearing

Table 7-5 A-weighted Decibel Scale with Example Noise Environments (FICON, 1992)

Environmental Effects during Construction
The environmental effects expected during the construction phase would be
temporary and will primarily resulting from the exhaust fumes generated by the
operation of construction equipment. In general the polluting construction equipment
can be classified into two groups, firstly the on road vehicles used for the
transportation of supplies, equipment, materials and employees. Secondly the non
road equipment utilised exclusively for onsite construction work. This includes the
equipment used for cut and fill operations, site clearing, structural installation and
tunnel boring.
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Pollution during construction may also be the result of partieulate matter produced
from the disruption of soil, wind disturbance of stockpiles, vehicles travelling on
unpaved road surfaces as well cut and fill operations, site clearance and tunnel boring.

As with air pollution the effects of construction on the noise levels in the region
would be temporary. Engine noise will be the dominant source of noise from the
majority of the construction equipment, although some intermittent activities such as
rock breaking would be louder. Ariel photographs of the region show that there are
limited sensitive land uses in proximity of the site, with the closest dwelling located
approximately a kilometre and a half away. The proposed transmission lines will
however is likely to run close to sensitive receptors when designed.

Traffic levels on local roads would be increased during the projects construction from
the transportation of workers, materials and equipment to the site. The N70 is the only
access route to the sites proposed access road, the increase in traffic will result in
increased noise levels on the route. There are a number of residences located along the
route which will be temporarily effected.

Mitigation Measures during Construction
To minimise the effect of construction equipment it is proposed to that all
construction equipment is equipped with noise mufflers and intake silencers. There
are to comply with the manufacturers standards and be properly maintained. All heavy
duty machinery are to be maintained in accordance with manufactures specifications
to minimise emissions. All roek and soil stockpiles are to be periodically sprayed with
water to increase the stability of the storage piles. All nonessential surface
disturbances, earth moving and excavation activities are to be halted during windy
weather conditions. During construction the nearby Met Eireann observatory air
quality monitoring station will be used to continuously monitor the pollutant levels. If
at any stage limiting pollutant values are exceeded construction is to be halted until
such time the pollutant source is identified and rectified.
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It is proposed that all work along the transmission line route would be completed in a
linear fashion. This would result in sections of the route being completed over short
periods of time containing the construction noise effects.

Environmental Effects during Operation
The operational phase is not expected to have a significant effect on the air quality in
the region. Where possible the filling of the upper reservoir would utilise wind and
wave energy together with the general base-load electrical generation during the off
peak hours. This allows the project to act as a storage system for the power generated
during the peak hours and using this to satisfy the peak energy demand periods.
Therefore the scheme is likely to positively affect the countries air quality as a whole,
as a result of the power generated by the PHES project displacing that of fossil-fuelled
generating facilities.

The operation of the project would see a minimal increase in traffic levels in the
region. The estimated staff requirement is 15 workers per shift, this would not result
in a significant increase in noise levels. As the powerhouse is to be located
underground the noise generated by the plants operation would be reduced.

Mitigation Measures during Operation
There are no mitigation measures proposed related to the air quality.
Landscape
Existing Conditions ofAffected Environment
In their document Landscape and Landscape Assessment Consultation Draft of
Guidelines for Planning Authorities” the Department of the Environment and Local
Government defines landscape as all that is visible when one looks across an area of
land. The document identifies the landscape as being an important part of people's
lives, giving identity and belonging to individuals and communities as well as
bestowing a sense of place on our surroundings. However landscape is the
environment in which all change takes place. The landscape is constantly changing,
both through the actions of humans and nature as has happened throughout history
James Herley MEng in Civil Engineering

109

Pumped Seawater Hydropower in Ireland

Environmental Analysis

(Department of the Environment and Local Government, 2000). The challenge is to
bring about these changes in a way that is minimal, prointegration, imaginative and
promotes the incorporation of the natural landscape. The assessment of the landscape
will account for the character, values and sensitivity of the landscape.

Cunently the landscape in the region is largely consists of natural and undeveloped
greenfield areas. The direct footprint of the site will be located largely within a valley
in the Killurly Commons Mountains together with underground facilities. As the site
is within a mountainous region, alterations to the landscape may result in a
widespread visual impact. The mountain ridge as it currently found can be seen in
Figure 7-4, highlighted m red is the approximate area of mountain ridge which would
require alterations. This section of the mountain ridge is visible from a popular tourist
route ‘The Ring of Kerry”.

Figure 7-4 View looking South to North at Glanlough Site (Google Earth, 2014)

This area of landscape provides no significant services or functions other than those
previously outline in the ‘'Flora” and “Fauna” sections. The Glendalough Lake is
also encompassed within the proposed site. On the side of the site facing the coast, the
landscape falls to a rocky shoreline leading to the Atlantic Ocean,

Environmental Effeets during Constriietion
During construction extensive cut and fill work will be required on the natural
landscape. A substantial amount of this work will take place within the valley which
is to house the upper reservoir. The south facing mountain ridge highlighted in Figure
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7-4 is to be raised to accommodate the reservoir. This will see adjustments of
approximately 25m in the central region reducing to zero metres on the outskirts of
the site. Both the east and west sides of the site are slightly submerged when
compared to the peaks of the mountains in the area.

In order to create the full reservoir a significant dam structure estimated to be 600m
long and 120m high is to be constructed on the sites northern face. All major pipe
networks and facilities are to be located underground, while the reservoirs intake will
be submerged at the shoreline. Pre-cast core loc armour units will be in place around
the intake forming a breakwater structure.

Mitigation Measures during Construction
This alteration to the landscape is essential to the project, it is proposed the
modifications are to be designed so as to provide a new landscape which appears
visually natural. This is to be achieved by recycling the areas natural material
removed during the cut process. To further smooth the transition from the natural
landscape to the manmade, the flora found naturally on the mountain top is to be
extended to the new landscape. The peaks in the Killurly Commons to the east and
west will be higher than the reservoir and therefore the site would not create a
negative visual impact from these directions. Similar to the east and west faces, the
created mountain ridge on the south face is to extend higher than the reservoirs
proposed height. The reservoir will then sit into this created valley, as a result the
reservoir itself will not be visible over the mountain tops from the “Ring of Kerry'’
scenic route.

The construction of the large dam structure to the north of the site is unavoidable.
However this area is ocean facing and approximately 12 kilometres from any land
from where it will be visible. It is proposed to slope fill material up the outside of the
dam, the height of this slope is to be determined during the design process. The slope
height will be limited by the close proximity of the shoreline. Natural occurring
vegetation in the area is to be planted on the soil slope. Ledges are to be incorporated
into the structures deign which will create long beds in which soil can be placed.
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Within these beds vegetation will be planted, specifically vegetation which is
accustomed to growing on vertical surfaces, assisting the whole structure to integrate
into the surroundings. The intake structure itself will not be visible however the
breakwater structure will be. There are no piers or places for people to access the
water in the region. As a result the breakwater should only visually impact people
operating vessels in the area. No mitigation measures are proposed in relation to the
breakwater.

Environmental Effects during Operation
The environmental effects imposed on the landscape by the project are visual, as a
result there are no expected impacts during the projects operation which would not
have occurred during the construction of the project.

Mitigation Measures during Operation
There are no mitigation measures proposed related to the landscape during the
projects operation.
Material Assets
The proposed location is not within a known area of architectural, archaeological or
cultural heritage. As a result it is not expected to encounter and monuments or
features of this nature during construction. If at any stage during construction a
suspected monument or artefact is uncovered, constmction will immediately halt and
the National Monuments Service will be notified.

7.2.

Appropriate Assessment

In order for a project which is proposed for a protected site to receive approval an
Appropriate Assessment must be completed. There are four stages to an Appropriate
Assessment, these are:
•

Stage 1: Screening for an AA

•

Stage 2: Undertaking the AA

•

Stage 3: Alternative Solutions

•

Stage 4: Imperative Reasons for Overriding Public Interest.
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Stage 1: Screening for an AA examines two chief criterion, if the PHES scheme
proposed is necessary for the management of the site; and if the project is also likely
to undermine the sites conservation objectives and therefore is considered likely to
have a significant effect on that site. In this instance the project is not considered
necessary and the scheme is likely to have significant effects. This has been outlined
in the previous section "Environmental Impacts ” and it is therefore evident an A A is
necessary. As a result the primary focus of this section will be Stage 2; Undertaking
the AA. The previous section "Environmental Impacts” evaluated many species of
flora and fauna which were not protected or did not occur on protected habitats within
the SAC. Many mitigations measures proposed for these species will also minimise
the impacts on the protected species. These mitigation measures previously detailed
will be referred too, however not detailed again in this section. The site will impede
on both the Killamey National Park SAC and the Iveragh Peninsula SPA.
7.2.1.

Killarney National Park SAC

The Killamey National Park SAC covers a very large area, covering land in both Co.
Kerry and Co. Cork. The protected area includes a vast array of mountains, rivers and
lakes. Included in this is the highest peak in Ireland Carrauntoohil. Due to its location
in the South West of Ireland the site is subject to strong oceanic influences. The
project area is very small in relation to the protected area, therefore many of the
protected habitats and species within the protected area are not present in the project
vicinity. The protected species and habitats found within the project vicinity are:
•

Alpine Heath

•

Kerry Slug

•

Lesser Horseshoe Bat

Many species of alpine heath are found throughout the SAC, however as stated in the
SAC site synopsis Crowberry and Fir Clubmoss are the species found to be present in
some of the upper ridges of the Killurly Commons Mountains (Department of Arts,
Heritage and the Gaeltacht, 2013). The Crowberry is an evergreen shmb which
sprouts a black dmpe similar in appearance to a berry. This particular species is not
deemed to be of conservational interest. Fir Clubmoss is an evergreen Lycopodiaceae
with dark green narrow leaves. There are four species of Fir Clubmoss in Ireland. Of
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these, Huperzia Selago is the only Fir Clubmoss species which is found at the project
location; this is also the only of the four species to be considered locally frequent. All
four species are however protected and are currently listed in the Red Data Vascular
Plants working list (2007) and on Annex V (92/42/EEC) of the European Union
Habitats Directive.

Glendalough Lake is described as oligotrophic and species-poor in the SAC site
synopsis. This is echoed by the alpine heath flora species present, Crowberry and Fir
Clubmoss are generally found in nutrient deprived areas. The land within the region
has insufficient lime to allow snails to form shells, but slugs such as the Kerry Slug
can be found. They can grow to approximately eight centimetres in length with a dark
brown body containing light brown spots. The slug has a Lusitanian distribution,
therefore it can only be found on the Western seaboard of Europe and not in the
interior of countries. This species of slug is listed as protected under Annex II and
Annex IV of the European Union Habitats Directive (EU, 2007) and under the
Wildlife Act 1976 (Office of the Attorney General, 1976).

The Lesser Horseshoe Bat is the only Horseshoe Bat species present in Ireland, it can
only be found in Kerry, Cork, Limerick, Clair, Galway and Mayo. There Irish
populations are thought to currently be stable, with an estimated population of 12,500
(McAney, 2012). The species is protected under the Wildlife (Amendment) Act 2000
and the EC Directive on the Conservation of Natural Habitats and of Wild Fauna and
Flora (Habitats Directive). In Ireland the bat is known to favour old stone buildings,
generally with natural slate roofs, for their summer time roosts. Typically they utilise
caves for their winter roosts, there are no caves or old stone buildings present on the
project site. However there are a number of old buildings in the project vicinity where
they can be found during the summer. These are typically disused buildings on
agricultural land.

Construction Impacts and Mitigation Measures
As stated in the "Environmental Impacts ” section in order for the upper reservoir to
be developed all flora present at the site will have to be removed. This will require all
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populations of Crowberry and Fir Clubmoss found on the alpine heaths within the
sites footprint to be removed. As previously stated the Crowberry is a common
occurring unprotected flora species As a result the removal of this species is
negligible. The removal of the Huperzia Selago present at the site is also unavoidable.
It is proposed designated biological monitors onsite would survey and identify all
populations and develop a quantitative description of the Huperzia Selago present. It
is proposed to safely remove all Huperzia Selago under the biological monitor's
supervision and relocate them in the various alpine heaths scattered in the Killurly
Commons Mountains. The quantitative analysis of the species would be used to
monitor the success of the relocation. The OPW undertook a project in 2011 to
increase the populations of Fir Clubmoss in Ireland through relocation planting.
According to the research the Huperzia Selago has reacted positively and is currently
flourishing in all 12 relocation sites (OPW, 2011). This indicates the relocation of the
species is likely to be successful. As mentioned in the '‘Environmental Impaets”
section the biological monitors would remain onsite during construction and are to be
responsible for the clearing and designating safe work areas, flagging sensitive areas,
and monitoring exclusion fencing. Construction personnel would be instructed to only
work in areas approved by the biological monitors.

Further surveys are also to be completed around the Glendalough Lake to determine if
the Kerry Slug is present within the sites footprint. If populations of these species are
found on the site it is proposed that they are removed to a location outside the
exclusion zone. Nearby Roads Lough, Kells Lough, and Coommacraniagh Lake are
similar to Glendalough Lake and also are all classified as oligotrophic. These similar
habitats should allow for a successful relocation of the Kerry Slug. Biological
monitors are to also develop a quantitative study of the species if they are found, this
is to allow for the success of the relocation to be monitored.

The old stone buildings in which the Lesser Horseshoe Bats nest during the summer
are not within the projects footprint and will not be effected by construction activities.
However the temporary caves that will be created while developing the underground
tunnel network at the site may provide an attractive winter roosting spot for the bats.
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Construction activities and the presence of persons in these tunnels will deter the bats,
however they may enter during periods of downtime. If bats are present when work
recommences within these tunnels, they will be at risk. It is therefore proposed that
temporary barriers to these tunnels will be erected during all periods of downtime.
Once eonstruction has been eompleted a barrier should cover the penstocks intake
until such time water is pumped to the upper reservoir. This will ensure no species of
bat or flora beeome trapped within the penstock.

Operational Impacts and Mitigation Measures
The operational phase of the projeet will not impact on either the alpine heath flora
currently present or the Kerry slug, as these will have been relocated prior to
construction commencing. However the underground network of tunnels proposed for
the projeet will still provide an attraetive winter roosting spot for the Lesser
Horseshoe Bats in the area. The presence of the operational staff should provide a
deten'ent for the bats, but to be sure all staff will be instructed to ensure they close the
tunnel entrance ways after passing through them.
7.2.2.

Iveragh Peninsula SPA

The Iveragh Peninsula SPA stretches along Co. Kerry's West coast from Lamb’s
Head to Rossbehy. This stretch of coastline is eomprised of sea eliffs, sand dunes and
the first 300m of land adjacent to the shoreline. The primary objeetive of the SPA is to
maintain or restore the favourable conservation conditions of a number of species,
they are:
•

Fulmarus Glacialis

•

Falco Peregrinus

•

Rissa Tridactyla

•

Uria Aalge

•

Pyrrhocorax Pyrrhocorax

The Fulmarus Glacialis is a common resident along the entire Irish coastline.
According to Bird Watch Ireland, the speeies is currently green-listed in Ireland with
approximately 40,000 nesting sites present and the European population is also
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assessed as secure (Bird Watch Ireland, 2014). They predominantly breed on sea
cliffs, but nest on level ground, in burrows, crevasses and buildings.

The Falco Peregrinus are a widespread green-listed species throughout Ireland, once a
protected species in Europe but according to Bird Watch Ireland they are no longer a
species of concern (Bird Watch Ireland, 2014). In the past the species suffered from
widespread pesticide poisoning, the responsible pesticides are now banned and the
species population is recovering. Their preferred breeding locations are cliffs, both
coastal and inland during the summer months, they are more commonly found on
estuaries during the winter.

The Rissa Tridactyla visit much of the Irish coastline during the summer months and
they then disperse to the open ocean during the winter months. The species is
currently amber-listed in Ireland as a result of low localised breeding populations
(Bird Watch Ireland, 2014). Typically they breed on steep coastal cliffs, with some
found to occasionally use man-made structures such as old buildings.

The Uria Aalge is common to the region year round, currently as a result of the
majority of the species in Ireland breeding at less than ten sites the species is amberlisted (Bird Watch Ireland, 2014). From May to the beginning of August they come
ashore to breed on cliff ledges, during the winter they move back out to sea.

Pyrrhocorax Pyrrhocorax are an all year inhabitant of the rocky coastline in the
Iveragh Peninsula SPA. Currently amber-listed in Ireland with the European
population assessed to be declining (Bird Watch Ireland, 2014). They are most
commonly found nesting in crevices along rocky shorelines and seldom inhabiting old
buildings.

Construction Impacts and Mitigation Measures
It is not thought that construction of the SWPHES scheme will have a significant
impact on the Fulmarus Glacialis. The sites footprint will not impede directly on any
of their preferred nesting or breeding habitat types. The topography directly at the site
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slopes down to sea-level resulting in the absence sea cliff breeding sites. It is possible,
however unlikely that the final design path for the transmission line at the site will
impact on a nesting site such as burrows and crevasses. The path of the transmission
line will be further inland than the protected 300m of land adjacent to the shoreline.
However as stated in the previous section

Environmental Impacts" biological

monitors will be responsible for monitoring the clearance of any vegetation for the
transmission line. If a Fulmarus Glacialis nest is discovered along the line, it will be
carefully removed under the supervision of the biological monitor prior to the
commencement of work. It is not expected many nests will be uncovered along the
route and given the strong number of the species currently present the impacts are
predicted to be minimal.

It is not expected that the construction of the project will not have any impacts on the
Falco Peregrinus in the SPA as the project site does not interfere with a cliff or
estuary. However the biological monitors will be informed to investigate their
presence on site during their examinations. Similarly it not expected construction will
have an influence any Rissa Tridactyla and Uria Aalge in the SPA, chiefly due to the
lack of cliffs in close proximity to the site.

During the construction of the dam on the north side of the upper reservoir and the
intake structure a section of the rocky coastline will be disturbed. This is to be
temporary during construction while installing the underwater intake and breakwater
structure. Prior to work commencing, biological monitors are to be responsible for
surveying the rocky coastline for Pyrrhocorax Pyrrhocorax. It is proposed these
surveys are to be undertaken during the winter as this would minimise the impact of
the survey and the possible relocation of the species if found to be present. Once the
site is clear the biological monitor is to designate the safe working areas on the
shoreline. The construction activity would act as a deterrent to the species ensuring
they do not return to the site putting them in danger.
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Operational Impacts and Mitigation Measures
The operation of the project is not expected to have a negative impact on the
populations of Fulmarus Glacialis, Falco Peregrinus, Rissa Tridactyla and Uria Aalge
in the area. Therefore there are no mitigation measures relating to these species
proposed for during the projects operation.

There are no alterations to the shoreline are proposed, therefore once construction has
been completed and the activity in the area lessens the Pyrrhocorax Pyrrhocorax can
be reintroduced to the habitat. This species has been shown to react positively to
relocation in the past, it is therefore predicted if this stretch of shoreline does currently
accommodate some of the species, over time they would readapt to this environment
(Bird Watch Ireland, 2014).

As previously stated in the section "Environmental Impacts'’, the manmade dam
stmcture to be constmcted on the upper reservoirs northern side would be integrated
into the area. This is to be achieved through long beds of soil within which vegetation
can be planted being incorporated in the structures design. This might act as an
artificial cliff face possibly providing further habitats for these species.

7.3.

Environmental Management System

An Environmental Management System or EMS is a set of procedures and practices
which is developed by an organisation. The aim is to assist the organisation in
reducing its environmental impacts as well as improving its operating efficiency. The
framework is based on a continuous cycle of planning, implementing, reviewing and
improving the processes and actions undertaken by an organisation. This ensures their
environmental obligations are met and their environmental performance is
continuously improved. Each organisations EMS is tailored specifically for the
business type and goals. This results in an EMS which helps the organisation satisfy
its regulatory demands in a methodical and cost-effective manner. This practical
approach can also lead to improved health and safety practices for employees and the
public. The installation of an EMS system by an organisation is often seen as a
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statement of their commitment to environmental protection. The U.S. Environmental
Protection Agency (U.S. EPA) lists the basic EMS components as (U.S. EPA, 2013):
•

Determining the company’s environmental goals

•

Investigating its environmental impacts and the legal requirements

•

Setting environmental objectives and aims, to reduce environmental impacts
and fulfil the legal requirements

•

Implementing programs to meet these objectives and aims

•

Monitoring and measuring the progress towards achieving these objectives

•

Ensuring employees’ environmental awareness and competence

•

Reviewing the progress made due to the EMS and making improvements
where possible

Commonly organisations strive to have their EMS independently certified to assess if
it meets a particular standard. ISO 14001 standard which is developed by the
International Organisation for Standardisation (ISO) is a highly established
framework for assessing an EMS. This standard is utilised by companies across
various fields, this includes the Turlough Hill PHES scheme which constantly strives
to ensure its EMS satisfies this standard. To ensure the proposed SWPHES scheme
focuses on reducing its impact on the environment and improving its operating
efficiency, an EMS is to be put in place and independently assessed to ISO 14001
standard when the operation of the scheme commences.
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The NREAP for Ireland has set a clear target requiring that 40% of the total energy
consumed in the Irish electricity sector is to come from renewable sources by 2020.
Ireland is unlikely to reach this goal by 2020, therefore it is clear a major expansion of
the renewable energy infrastructure is required. Pumped hydro power is not directly
counted as a renewable energy source, but can have significant benefits for renewable
energy and reducing the emissions associated with electricity generation in general.
Pumped hydro schemes can improve the efficiency of fossil fuel powered plants by
allowing them to run at maximum efficiency and storing the surplus energy generated.
Using this stored energy to satisfy high demands, thus reducing the emissions related
to electricity generation. These schemes could prove most effective as a means of
storing the electricity generated by unpredictable renewable sources. The proposed
scheme located in Glanlough Co. Kerry is within a region which is has significant on
and offshore wind resources. If this scheme was used in conjunction with a wind
farm, it could store all of the excess wind power produced. Consequently increasing
the quantity of renewable energy utilised that would otherwise be lost. It is evident the
construction of such a scheme as the project proposed for Glanlough would reduce
Ireland's greenhouse gas emissions, and increase the capabilities of the renewable
energy sources in the area.

The weighting points system which was developed as part of this project, identified
the Glanlough site as possessing the most potential house a SWPHES scheme. The
environmental study revealed that the natural characteristics of the site and its isolated
location resulted in little negative impacts on the population. In fact during
construction it would be expected to have a positive impact on the local economy,
creating jobs for locals and providing customers to local hotels and bed & breakfast
facilities. The site would impede on both the Killamey National Park SAC and the
Iveragh Peninsula SPA, this presents the main difficulties with developing the
scheme. A number of measures to mitigate the negative impacts the project would
have on the protected species of flora and fauna in the region were proposed. These
proposals were sent to the site designations unit of the National Parks and Wildlife
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Service. The feedback from the NPWS stated that the proposed mitigation measured
were provisionally adequate to combat the impacts, however on site physical surveys
would have to be completed. These surveys would serve to verify the qualitative
analysis undertaken in this project.

The capital cost of developing a scheme such as the Glanlough SWPHES project
would have a significant influence on the decision to undertake the project. The
research did not investigate the capital cost of the project or the possible money
generated through the sale of electricity. It is recommended research into the financial
aspect of this scheme would be completed before a definite verdict on the schemes
potential is established.

Though traditionally it has been for environmental reasons large scale hydro power
schemes have been rejected. It is concluded that environmentally such an undertaking
is a viable solution to expanding Ireland’s hydro power facilities, thus improving
Ireland's renewable energy infrastructure.
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Appendix A - Penstock Design
The material from which the penstock is to be constructed must be able to withstand
the corrosive seawater which it will contain as well as the pressures exerted onto it by
the water which flows through it and the soil surrounding it. The most common
material used in modem penstock design is mild steel, however the corrosive nature
of the water would have a significant erosion effect on this pipe material. To protect
against this it is therefore proposed to constmct the penstock from mild steel and coat
the pipe internally with unplastizied polyvinyl chloride (uPVC). It is proposed to have
four penstocks feeding four turbines, as these will be located within the mountain the
penstock path is predicted to have few bends.

Penstock Characteristics

Material

Mild Steel with internal uPVC coating
650 m
310 m

Length, L
Head height, H
Target flow rate, Q

120

Head loss limit

<2%

Assume diameter

D=

Flow velocity

V=

m^\s
of gross head
2800
4.Q

mm
480

pi.D^

24.630
19.49

Renolds No.

Re =

V.DxlO^

Surface roughness of uPVC, f =
=>
K

0.2

D

5.5

0.2

7.14E05

2800

From the moody chart, f:

0.00285
l/2.V2.L.f

Using Darcy's Eqn, hf

g.D
12.81
12.81

_

4.13

310
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Iterations required for diameter calculation
Diameter increasing in 50mm steps

Iterations

Diameter
(mm)

V (m/s)

hf (m)
12.81

4.13

%Hf

1

2800

19.49

2

2850

18.81

11.72

3.78

3

2900

18.17

10.75

3.47

4

2950

17.56

9.87

3.18

5

3000

16.98

9.07

2.93

6

3050

16.42

8.35

2.69

7

3100

15.90

7.70

2.48
2.29

8

3150

15.40

7.11

9

3200

14.92

6.57

2.12

10

3250

14.47

6.08

1.96

11

3300

14.03

5.63

1.82

12

3350

13.61

5.22

1.69

13

3400

13.22

4.85

1.56

14

3450

12.84

4.51

1.45

3500

12.47

4.20

1.35

15

Therefore the required pipe diameter with <2% head loss

3250

mm

Power = mgH
m=
g=
H=

120
9.81

m^ =

310

m

120000

kg

m/s

Power =
365 MW
Assuming 90% turbine efficiem
Power =

328

MW

The calculations show that each of the four penstocks are to be 3250mm in diameter,
this size pipe with a flow of 120m^/s will generate 365MW; this will bring the total
generating capacity of the plant to 1460MW. Assuming the useable storage of the
reservoir is in the region of 2x10^ m^ of water, this capacity would allow the plant to
operate at full power for approximately 116 hours or four days and 20 hours.
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Appendix B - Legend of Soil Types
Legend of Soil Types
Soils

Subsoils

AeoUrJD - Aeolian Undifferentated

A - Alluvium undifferentated gravelly

AJIu AIIM - Mineral alluvium
AJIuv'f.IRL - Marl t/pe soils

Ac
m AcEsk - Acidic esker sands and gra'/els

AJIuvUND - Alluvium undifferentiated

Aeo - Aeolian sediments undifferentiated

nil AminDW - Acid Brov.-n Earths ' Bro\>m Podzolics

Ag - Alluvium undifferentiated sandy

im AminPD - Surface water Gleys ' Ground v/ater
Asi - Alluvium undifferentiated clayey
Gleys Acidic
nn AminPDPT - Peaty Gleys Acidic
AminSP - Surface water Gleys Ground water
Gleys Shadow
AminSPPT - Peahy Gleys Shallow
ni AminSRPT - Podzols Peaty
AminSW - Lithosols / Regosols

m BasEsk - Basic esker sands and gravels

jjjjH

BktR - Blanket peat

m Cut - Cutover peat
m FetiR - Fen Peat
m GBi - Basic igneous sands and gravels
m GCh - Chert sands and gravels

n| BMR - Blanket peat

m GCSsS - Sandstone and shale sands and

nn BminDW - Grey Bro\vn Podzolics / Brovrn Earths

gravels Cambnan Precambnan

Basic

m GOCSs - Sandstone sands and gravels

nm BminPD - Surface water Gleys ■' Ground water
Gleys Basic

Devonian Carboniferous
m IrSTDSs - Sandstone and shale till (Devonian:

m BminPDPT - Peaty Gleys Basic Parent Materials
with matnx. of Insh Sea Basm ongm

Basic
BminSP - Surface water Gleys i Ground water

1

IrSTLs - Limestone till Carboniferous
KaRck - Karstrfied hmestone bedrock at surface

Gleys Shalow

KaRrck - Karstified limestone bedrock at surface
BminSPPT - Peat/ Gleys Shallow

L - Lake sediments undifferentiated

BminSRPT - Lithosols Peats

Lc - Lake sediments clayey

BminSW - Renzinas / Uthosols

Ls - Lake sediments sandy

H Cut - Raised Bog cutaway,Cutover
FenPT - Fen peat
Lac

m

LSI - Lake sediments silty

HH

m

Marsh
Mbs - Beach sands

Made

Me - Manne Clays

MarSands

Mesc - Estuarine sediments (silts.'clays)

H MarSed
in RsPt - Raised bog

Made ground

MGs - Raised beach sands and grar/els

HH

Mrt - Marl shell

m Scree
Msi - Manne silts
Reed Swamp / Marsh

Rck - Bedrock at surface

Water

James Herley MEng in Civil Engineering

in

Pumped Seawater Hydropower in Ireland

Appendix B — Legend of Soil Types

RsPt - Raised Bog
Scree
TAv - Acid voicanic till
TBi - Basic igrieous till
TCh - Chert till
TCSsCh - Chert and Carboniferous sandstone
till
^ TCSsS - Sandstone and shale till
Cambnan.'Precambrian
m TDCSs - Sandstone till Devonian/Carboniferous
H TDCSsS - Sandstone and shales till
Devonian/Carboniferous
III Tdlf.fr • Tidal Marsh
m TDSs • Sandstone till Devonian
H TGr - Granite till
m TLPDSs - Sandstone till Lov.’er
PAIaeozoio'Devoni an
TLPS - Shale till Lower PAIaeozoic
m TLPSs - Sandstone till Lower PAIaeozoic
TLPSsS - Sandstone and shales till
Devonian/Carboniferous
H TLs - Limestone till Carboniferous
m TMp - Met amorphic till
H TNCSSs
I TNSSs
H TQz - Quartzite till
m Water
in Ws - Blosvn sand
H Wsd - BiMvn sand in dunes

Table Legend Indicating Soil Types for the Soils Profiles (EPA, 2014)
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Evaluation of Ireland’s Potential to expand its Hydro
Electrical Power Facilities through the Construction
of a Seawater Pumped Hydro Energy Storage Scheme
James Herley
Master of Engineering in Civil Engineering
Cork Institute of Technology, CIT
Cork, Ireland
iames.herlev@mvcit. ie

Abstract— The necessity for Ireland to expand its renewable
energy resources in order to satisfy the target set in the Renewable
Energy Sources (RES) Directive is clear. This research aims to
determine if hydro power is a viable optical to hdp reach these
targets. Of the various forms of hydro power examined it was
concluded that utilising a seawater pumped storage scheme in
correlation with renewable energy sources had tiie most potential.
A weighted pcants system was developed to evaluate potential sites,
this resulted in the selection of a site located within the Killurly
Commons Mountains in Co. Kerry. Environmental analysis based
on EPA guidelines examined the potential environmental effects
this scheme would create and mitigation measures were detailed
where possible. The Naticmal Parks and Wildlife Service reviewed
the report and concluded the mitigation measures provided were
adequate to allow onsite testing to begin.
Abbreviations — Pumped Hydro Energy Storage (PHES); Seawater
Pumped Hydro Ejiergy Storage (SWPHES); The Renewable Energy
Action Plan (NREAP); Large Industry Energy Network (LIEN);
Special Area of Conservation (SAC); Special Protection Area (SPA);
National Heritage Area (NHA)

I.
INTRODUCTION
Hydro power is the harnessing of the renewable energy
contained in flowing water, this technology has been utilised by
societies for thousands of years. Originally used to power water
wheels the technology has evolved to allow the production of
hydroelectricity on both large and small scales. The
Ardnacrusha station became Irelands first large scale hydro
power generating station, at the time of construction this
scheme was capable of meeting the entire electrical demand for
the county. Ireland currently has five rivers housing dams and
one PHES scheme, the Turlough Hill station in the Wicklow
Mountains.
The NREAP for Ireland stipulates 40% of the total electricity
consumed in Ireland is to come from renewable sources
2020, a value which was 14.4% in 2009 [2]. Research has
shown the Irish population is continuously growing, this is
reflected in the number of permanently occupied dwellings in

Ireland increasing by 64% between 1990 and 2011 [3]. These
trends indicate the electrical demand in the country will
continue to rise. Similarly the electrical demands of the
industrial sector will continue to rise and with the formation of
groups such as LIEN, it is evident a greater emphasis is being
placed on renewable energy. This “green” image is being
sought by large organisations and in order to attract these
economy boosting organisations Ireland needs to further
develop its renewable energy infrastructure.
The chief aim of this research is to establish if large
scale hydro power is a viable option to assist Ireland in
achieving these targets. Due to the ever increasing population
in Ireland finding a location where large scale flooding for
reservoir creation would be possible is unlikely. A PHES
scheme which utilised sea water as a naturally occurring lower
reservoir was seen to have a much smaller reservoir footprint,
as a result this was deemed the most viable hydro power type
for further developments.
This scheme type is not directly considered to be a
renewable energy resource, however such a scheme can have
significant benefits for the renewable energy sector. PHES
schemes can greatly improve the efficiency of fossil fuel
powered plants by allowing them to run at maximum efficiency
and using the excess energy to fill the upper reservoir, thus
storing the surplus of energy. The use of this stored energy to
satisfy high demands displaces fossil fueled generation
consequently reducing emissions from the sector. As well as
this, a PHES scheme can work in combination with traditional
renewable energy schemes, as a means of storing the
unpredictable energy. If these projects were used in
combination the PHES scheme could store all of the excess
power produced. This will consequently increase the quantity
of renewable energy utilised that would otherwise be lost.

II.

Identification of Site

Glanlough Cross Section

As this type of scheme is most effective vvhen combined with
a traditional renewable energy source the West coast was
identified as displaying the most potential. The Irish West coast
has been acknowledged of possessing very strong wind
resources. Possible sites were identified by studying the coastal
topography of the West coast. From this 43 sites were identified
as processing potential based on head height, proximity to the
coast and the natural landscape of the site. Fur&er examination
of the physical characteristics of these sites established the three
sites with the highest potential. These were Glanlough Co.
Kerry, Eskatarrif Co. Cork and Ben Gorm Co. Mayo.

600

800

-Cross Ssction

A weighted points system was developed for the comparison
of these three sites. The sites were judged on seven different
criterion, the points were weighted so as to reflect each criterions
importance to the schemes overall success. A total of 27 points
were available and the breakdown of these can be seen in Table
1. It is important to note the scoring system was developed with
these three sites in mind, therefore some of the selection criteria
might not translate well to other sites.
Table 1 Weighted Points System for Site Selection

Site Selection Points System
Criterion
Number of Available
Points
Topography / Terrain
4
Total Head
5
Horizontal Distance to
4
Source
Average Regional Wind
4
Speed
Distance to Outlet
3
Impact on Protected Areas
3
Aesthetic Effect
4
Total
27
Topography/Terrain refers to the current natural shape
provided by the site prior to any alterations. This received a
rating of four points, this high rating is because if the sites
natural topography is receptive to the installation of a reservoir
the visual impact it will create is minimized. This was judged on
the level of cut and fill work which would be required as well as
an estimated reservoir volume potential for the site. This was
achieved by graphing a cross section of the site and
superimposing the best fitting line representing the final
reservoir. From these graphs the cut and fill levels could be
visualised and volume estimations made. Figure 1 shows the
graph representing the Glanlough site’s cross section, it can be
seen relatively small levels of cut and fill will be required. Table
2 shows the results for all three sites, it was determined the
potential volumes of all three sites was more than adequate, each
site was awarded two points for volume and further points if the
required cut and fill was minimal. Table 2 summarises the points
that were award to each site for this criterion.

1000

1200

Hori/ontdi Distdncp(m)
- Simplrtied Cross Section

Figure 1 Glanlough Cross Section
Table 2 Topography and Terrain Summary

I21[lography & Terrain Summary Table
Site

Cut

Fill

Glanlough
Eskatarrif
Ben Gorm

Minimal
Extensive
Extensive

Negligiable
Minumal
Extensive

Volume
(m*)
2.286xl0«
5.21510«
7.324x10^

Score
/4
4
3
2

Total Head refers to the height above sea level of the lowest
point of the proposed reservoir site. The head height is directly
related to the potential power output of the scheme, therefore
head height received a weighted of five points. Altiti^es below
100m were awarded three points, between 100 and 199m they
received four points and head heights above 200m attained five
points. The awarded points can be seen in Table 3.
Table 3 Total Head Summary

Site
Glanlough
Eskatarrif
Ben Gorm

Total Head Summary Table
Total Head (m)
Score/5
310
5
200
5
150
4

Horizontal Distance to Source refers to the horizontal length
of the penstock pipe which would be required to for the scheme,
the larger this distance the great the friction losses will be, the
hi^er the fhction losses the lower the power ou^ut will be. An
estimation on the penstock length was attained by measuring the
distance between the upper reservoirs lowest point and the
closest coastal point. For 0 to 5(X)m four points were awarded,
for 500 to 1000m three points awarded, for 1500 to 2500m two
points awarded while greater than 2500m meant one point was
attained. Table 4 summarises the results found.
Table 4 Horizontal Distance to Head Summary

Horizontal Distance to Source Summary Table
Site
Total Distance (m)
Score 14
Glanlough
650
3
Eskatarrif
3000
1
Ben Gorm
2380
2

Average Regional Wind speed refers to the average wind
speed in the vicinity of the site, this is important to the sites
success as the scheme is proposed in a combination with wind
power. Wind turbines generally begin to operate at wind speeds
of 3-5m/s and will cut out at speed of approximately 24m/s.
Typically the optimal wind speed for turbines is between 11 and
14m/s [4], Ajs a result one point was award for speeds between
0 and 4m/s, two points were around to speeds between 5 and
8m/s, and three points were awarded regions with an average
wind speed between 8 and 10m /s while speeds of 11 to 14m /s
received four points. The wind speeds were recorded at 50, 75
and 100, both on and offshore, the wind speed assigned to the
sites represent an average of these six speeds. A full summary of
the awarded points is shown in Table 5.

affect one protect area will attain two points with one and zero
points being awarded to sites which impede on two and three
protected areas respectively. A breakdown of the awarded points
can be seen in Table 7.
Table 7 Impact on Protected Sites Summary

Impact on Protected Sites Summary Table
No. of
Score
Site
SAC
SPA
NHA
Protected
13
Areas
Glanlough
Eskatarrif
Ben Gorm

YES
YES
YES

YES
NO
NO

NO
NO
YES

2
1
2

1
2
1

Table 5 Average Regional Wind Speed Summary

Average Regional Wind Speed Summary Table
Site
Wind Speed (m/s)
Score/4
Glanlough
9.00
3
Eskatarrif
8.75
3
Ben Gorm
9.00
3
Distance to Outlet refers to the distance to the nearest outlet
for the generated jxjwer. Only power stations rated at 1 lOkV or
higher were considered. The straight line horizontal distance
between the source and the outlet was determined, this was
assumed to be representative of the cable network that would be
required. In practice this length of network would have to
accommodate obstacles and follow a carefully deigned path
between the two points. The sites were classified into three
groups, 0 to 20kni, 20 to 40km and 40 to 60km with one to three
points being awarded respectively. The further the distance
between the source and the outlet the higher the expected losses
in the network would be. A possible three points were available
for this. Table 6 shows the breakdown of the awarded points.
Table 6 Horizontal Distance to Outlet Summary

Horizontal Distance to Outlet Summary Table
Site
Total Distance (km)
Score/3
Glanlough
35
2
Eskatarrif
27
2
Ben Gorm
47
1
Impact on Protected Areas refers to if the site will impede
on an area considered to be a Natura 2000 site, these consist of
SPA’s, SAC and NHA’s. Undertaking a development such as
this on a protected site would not be deemed necessary to the
management of the site, therefore an Appropriate Assessment of
the project would have to be undertaken. This will determine the
constraints that govern the construction within the protected
region as well as the mitigation measures to neutralise these
constraints. This is a key protection mechanism that is required
before any decision is made to allow a plan or project to proceed
on such a site. The greater the number of protection
classifications under which the site falls, the more difficult it will
be to mitigate all the impacts. As a result sites which do not
impede on a protected area will receive three points. Sites which

Aesthetic Impact refers to the visual impact the construction
of the paroject will have. A major obstacle which is faced by all
construction projects located in scenic mountainous regions of
Ireland, is objection fi-om those who do not wish to see the
natural landscape altered. This will not impact on the
affectability of the scheme, however it could result in the
planning phase and acceptance of the scheme being difficult.
Construction of the upper reservoir would require a relatively
smooth and level boundary, this will require the smoothening
and alteration of the natural landscape. Figure 2 is an example
of where the landscape would have to be altered, it is evident the
alteration of these peaks would have a visual effect for the
surround area.

Figure 2 View ofBen Gorm Site Lookingfrom the West to the East

This proved difficult to quantify so the areas surrounding the
proposed reservoir sites was judged and compared based on its
existing “flatness” and “smoothness” and rated out of thee. The
points awarded to each site are summarised in Table 8.
Table 8 Aesthetic Impact Summary

Aesthetic Impact Summary Table
Site
Score 13
Glanlough
2
Eskatarrif
2
Ben Gorm
1
Finally Table 9 summaries the points which were
awarded under each of the chosen criterion. It can be seen that
the Glanlou^ site received the most amount of points with 27,
the Eskatarrif site came second with 18 points while the Ben
Gorm site received 14 points. As a result the site which was
deemed to have the most potential to house a prospiective
SWPHES project was the Glanlough site located in the Killurly
Commons Mountains.

Table 9 Points Awardedfor Site Selection

Criterion
Topography /
Terrain
Total Head
Horizontal
Distance to
Source
Average
Regional
Wind Speed
Distance to
Outlet
In^ct on
Protected
Areas
Aesthetic
Effect

TotaI/27
III.

Site Selection Points System
Glanlough
Eskatarrif
Score
Score

Ben Gorm
Score

4

3

2

5

5

4

3

1

2

3

3

3

2

2

1

1

2

1

2

2

1

20

18

14

Descrption of Proposed Project

The proposed SWPHES project for the Glanlough site would
consist of an upper reservoir, a headrace, a penstock, a
powerhouse, sluice gates, a tailrace and miscellaneous facilities.
Figure 3 shows the proposed project location with the red circle
indicating the location of the upper reservoir. It is planned to
contain the penstock, powerhouse and the other components
underground to reduce the environmental impact.

Figure 3 Proposed Project Location

The upper reservoir is to consist of a reservoir of
approximately 185 hectares utilising the existing bowl like
topography of the site. The total storage capacity has been
estimated to be 2.286x10^^ which a head elevation of 310m.
To complete the reservoir a roller compiacted concrete dam of
approximately 600m in length and 120m in height is to be
constructed on the north facing boundary (coastal facing
boundary).

It is proposed that the pienstock tunnels will consist of four
pipes. Each one is to be constructed of mild steel and internally

lined with uPVC. It was calculated each penstock pipe would be
approximately 650m in length and 3.25m in diameter, resulting
a flow rate of 120mVs. This would feed into the underground
powerhouse containing four reversible pump-turbine units each
rated at 328MW, for a total installed capacity of 1312MW. The
Atlantic Ocean is to form the lower reservoir, the reservoirs inlet
and outlet structure is to be positioned below the low tide level
and protected by a breakwater structure, constructed using
precast core-loc armour units.
IV.

Environmental Analysis

The environmental impacts of constructing this proposed
scheme were explored, this was undertaken by following the
guidelines set out in the EPA’s document ""Guidelines on the
information to be contained in Environmental Impact
Statements” [5]. The resources examined were:
Socioeconomic
Flora and Fauna
Soil
Water
Air
Landscape
Material Assets
For each environmental resource the existing condition is
defined, attaining a baseline against which to measure the
impacts of the project. Following this the nature, magnitude and
duration of the impacts is described as well as the expected
consequence during both the construction and operational
phases. A measure to mitigate these impacts is proposed where
possible. Resources protected in the region by their Natura 2000
status are not discussed here but rather in the following section
‘‘Appropriate Assessment
Socioeconomic - Studies of the employment rates in
the area revealed high unemployment rates in the surrounding
towns (65km radius). From examining PHES project of a
similar scale construction it projected to take four to six years,
generating significant employment in the region. The general
labour required during construction would be selected from the
available labour pool within the region. This also applies to the
skilled workers, in order to meet the peak personnel demands
non-local works would be necessary. This will increase the
demand for temporary housing benefiting the many hotels and
bed & breakfast facilities. It is predicted that these in a
combination with available housing and rental units would
provide sufficient accommodation. As this infrastructure is
already in place, the existing public service infrastructure is
expected to be adequate for the project workforce. Again based
on projects of a similar nature it would be estimated an
approximate workforce of 30 people would be required to
operate the scheme. These would
management personnel,
engineers, plant operators, maintenance technician and
administrative staff. This small work force will have a
negligible impacts on the area compared to the construction
phase workforce.

Flora - The region is subject to significant rainfall, averaging
approximately 2400mm between 1981 and 2010 [6], The heavy
rainfall combined with the mountainous terrain and lake give
rise to various flora species. The dominant shrub in the region
is Gorse, this is found commonly throughout the region and
along Ireland’s highly exposed West coast. Flora such as
Rhododendron Ponticum, Fuchsia Magellanica and Montbretia
were naturalized to the region through human introduction and
are not essential to the regions ecology. Construction of the
upper reservoir will require all of this flora to be removed
within the reservoirs footprint. The removal of these species is
negligible as they are commonly occurring. Patches of the site
contain Spiranthes Romanzoffiana, this is a protected species
under the Wildlife Act 2000. On site biological monitors are to
undertake a quantitative survey of the species in the region and
are to oversee the relocation of this species to the nearby Roads
Lough, Kells Lough and Coommacraniagh Lake, all habitats
with similar properties to the Glanlough site. The quantitative
survey will allow for constant monitoring of the relocations
success.
Fauna - The fauna in the project region is tremendously
diverse, including both migratory and species native to the
region. Species found in the region year round include the
Japanese Sika Deer, the Natterjack Toad, the Wren and the
Robin. Migratory species to the area include the Manx
Shearwater, the Storm Petrel, and the Gannet. Grey seals.
Dolphins, Minke and Beaked Whales can be found in water off
the sites coast. Construction of the scheme will increase traffic
levels, human presence, noise levels and levels of artificial
light. Biological monitors are to oversee all vegetation
clearance at the site, work is not to process until such a time
they are satisfies it is safe to do so. Prior to construction, surveys
would be completed of all possible nesting sites for migratory
birds by the biological monitors. Further surveys would be
conducted at the identified nesting sites outside the projects
footprint during all construction activities. It would be the
responsibility of the biological monitors to develop exclusion
zones where exclusion fencing would be erected, ensuring
animals do not occupy hazardous areas. When working close to
these zones construction activities would be limited to daylight
hours. At the end of each day temporary fencing or covers
would be place on or at trenches. Exclusion zones are to be
established on the rocky shoreline for the Natteijack Toad
removing the physical dangers of construction. Prior to any
work taking place on the intake structure the breakwater is to
be constructed under the supervision of a biological monitor.
This structure would create a barrier to the larger wildlife found
in the sea. Protective netting is to be erected which will
eliminate materials and debris from entering the water during
its construction. All machinery and equipment that requires fuel
and/or oil which is to be used in close proximity to the water
will be subject to daily inspections, with biodegradable oils
used where possible.
During the projects operation exclusion fencing would be
constructed around the upper reservoir preventing larger

species access to the reservoir as this presents a drowning
hazard. The lower portion of the fence would be lined with a
smooth metal so as to prevent access to smaller species. All
fences would be inspected on a monthly basis, as well as after
any major storm events. Any damage found will undergo
temporary repair with permanent repair being completed within
a week of the discovery. During operation the temporary
exclusion fencing on the rocky shoreline will be removed.
Allowing the Natteijack Toad freely reintegrate to the area.
Studies have shown the translocation of this toad species in the
region is one with a high success rate.
Soils — The soil and subsoil profile of the area was examined.
The chief soil type in the Killurly Commons Mountains is a
peaty podzol while the primary subsoil is bedrock. Other soils
prominent in the area are acidic peaty gleys and blanket peat
while other subsoil types include sandstone and blanket peat
[7]. Construction machinery and processes are likely to bring
about subsidence, hydrocompaction or landslides of the
material on the sloped faces. Blasting and boring would be
necessary to shape the reservoir and develop the underground
network. The sediment available to be mobilised during heavy
rain events will be higher leading to more sediment being
deposited in the low lying areas of the reservoir as well as into
the Atlantic Ocean. Detailed geotechnical investigations would
further enhance the potential for soil failures. From these
investigations slopie stability is to be addressed, removing or
grading unstable slopes identified.
Water - As mentioned the annual rainfall levels in the area is
high, with the areas water quality rated as good unpolluted
water as a result of the areas undisturbed geology. Construction
work would increase the quantities of unstable soil which could
affect sedimentation and turbidity. The removing and grading
of these soil slopes previously identified should combat this.
Throughout the lifecycle of the project, large quantities of
saltwater stored inland in the upper reservoir. Leaks of this
saltwater could have an adverse effect on the regions flora
through toxicity from excessive salt uptake, reduced water
uptake and/or the reduction in the uptake of essential nutrients.
Signs of salt damage include darker and smaller leaves than
normal and stems with shorter spaces between leaf nodes. Over
prolonged periods of exposure the leaves will turn yellow in
colour with the edges turning brown. To mitigate this the
reservoir is to include extensive leak protection. The reservoir
will be lined with high-density polyethylene textured
geomembrane, the final thickness and number of layers would
be decided during design. A groundwater monitoring program
will be developed using seepage and monitoring wells. This
will periodically test the groundwater surrounding the reservoir.
Through this testing any leaks of the saltwater into the
groundwater will be detected
Air - The air quality in the region is currently rated as good by
the EPA [7]. A monitoring station is located in Cahersiveen
approximately ten kilometres from the site. The current good
status can be attributed to the rural setting void of major

development and low traffic levels in the area. The directives
governing Ireland’s air quality are the Ambient Air Quality and
Cleaner Air for Europe (CAFE) Directive (2008/50/EC) and the
Fourth Daughter Elective (2004/107/EC). These directives
establish the concentrations above which the various pollutants
are likely to induce adverse health effects on vulnerable groups
within the population. The goal is to ensure the scheme will not
contribute to an exceedance of these limiting values. Noise
pollution as a result of the scheme was also examined, noise is
defined as any sound which is unwanted and can come from
many sources. To quantify noise it was defined by its sound
pressure and to evaluate the effects of the noise on sensitive
areas, the A-weighting frequency weighting measurement
systems was used. This weighting system has been found to
simulate the human ear’s reduced sensitivity to low frequencies
and relates well to the human perception of irritating noises.
The project area is rural and experiences reasonably low noise
levels, it is estimated these average between 30 and 50dBA
(quiet to very quiet). The primary noise source in the region is
from vehicles on the N70 and agricultural machinery on the
surrounding farmland. The area directly surrounding the
footprint of the site is largely void of receptors sensitive to noise
such as residential areas, schools, hospitals and churches.
The environmental effects expected during the construction
phase would be temporary and will primarily resulting from the
exhaust fumes and soimd generated by the operation of
construction eqioipment. Although some intermittent activities
such as rock breaking would be louder. Pollution during
construction may also be the result of particulate matter
produced from the disruption of soil, wind disturbance of
stockpiles, vehicles travelling on unpaved road surfaces as well
cut and fill operations, site clearance and tunnel boring. Traffic
levels on local roads would be increased during the projects
construction from the transportation of workers, materials and
equipment to the site. The N70 is the only access route to the
sites proposed access road, increased traffic means increased
noise levels on the route. It is proposed to fit all construction
equipment with mufflers and intake silencers in line with the
manufactures guidelines. All rock and soil stockpiles are to be
periodically sprayed with water to increase the stability of the
storage piles. All nonessential surface disturbances, earth
moving and excavation activities are to be halted during windy
weather conditions. During construction the nearby Met
Eireann observatory air quality monitoring station will be used
to continuously monitor the pollutant levels. If at any stage
limiting pollutant values are exceeded construction is to be
halted until such time the pollutant source is identified and
rectified. The operation of the project would see a positive
effect on air quahty by displacing the requirement for some
fossil fueled electricity production.
Landscape - construction would induce large unavoidable
visual changes to the landscape. Cut material is to be reused for
these alterations while commonly occurring vegetation will be
planted for further integration. The dam structure will be hidden
from the majority of receptors. The structure is to incorporate

long soil beds allowing for vegetation growth to integrate the
structure.
Material Assets — As the site does not impede on a known
area of architectural, archaeological or cultural heritage it is not
expected to encounter any features of this nature during
construction.
V.

Appropriate Assessment

The site affected both the Killamey National Park SAC and
the Iveragh Peninsula SPA. As a result all of Huperzia Selago
present are to be relocated by biological monitors on the various
alpine heaths in the region. This species has been relocated 12
times before and has reacted well each time [8]. The temporary
caves created while developing the underground tunnel network
may provide an attractive winter roosting spot for the protected
Lesser Horseshoe Bats in the area. It is therefore proposed that
temporary barriers to these tuimels will be erected during all
periods of downtime. Many of the protected bird species prefer
sea cliff habitats. The sites topography does not contain such a
feature at it gradually slopes down to sea level. As a result it is
not expected the site will impede on these species provided
adequate exclusion fencing is erected by biological monitors.
(Quantitative analysis of all the species in the general region will
be constantly undertaken throughout the project construction to
assess the effectiveness of the mitigation measures.
VI.

CONCLUSIONS

The environmental analysis undertaken was reviewed by the
site designations unit of the National Parks and Wildlife
Service. This feedback stated the proposed mitigations
measures were provisionally adequate to combat the impacts,
however onsite physical surveys would have to be completed.
These surveys would serve to verify the qualitative analysis
undertaken in this project. Traditionally it has been for
environmental reasons large scale hydro power schemes have
been rejected. It is concluded that environmentally such an
undertaking is a viable solution to expanding Ireland’s hydro
power facilities, thus improving Ireland’s renewable energy
infrastructure.
VII.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]

REFERENCES

S. Colleran, 2014. Hydro Manager, ESB. Cork, Cobh &
Harbor Chamber.
DCENR, 2009. National Renewable Energy Action
Plan.
SEAI, 2013. Energy in the Residential Sector.
VNEA.,20\A. Wind Energy Technology.
EPA, 2002. Guidelines on the information to be
contained in Environmental Impact Statements.
Met Eireann, 2012. Rainfall, http://www.met.ie/climateireland/rainfall. asp.
EPA, 2014. Envision Map Viewer
/ittp://gis.epa.ie/Envision.
OPW, 2011. Conservation and Monitoring ofLegally
Protected Fern Allies in Ireland

Evaluation of Ireland’s Potential to Expand its Hydro Electrical Power Facilities
through the Construction of a Seawater Pumped Hydro Energy Storage Scheme
Civil Engineering (Environment and Energy) MEng
Department of Civil, Structural and Envirmunental Engineering

Institiuid Teicneolaicxhta Choreal
Cork Institute of Technology

Student: Janies Herley
Supervisor: Norma Huiiey

Introduction
Introduction
' The chief aim of this research is to
establish
if further
large
scale
hydropower production is a viable option
for Ireland.
' Hydropower is the power contained in
flowing water.
' Traditional hydro schemes involve the
flooding of large areas for reservoir
creaticoi.
In comparison seawater
pumped
hydro
energy
stex-age
(SWPHES) projects are seen to have
much smaller area requirements, as seen
in Fig. 1.

1 Okimwi YMibara SWPHES Sctiane

•

Identification of Site

SWPHES projects involve the exchai^e
of water between two reservoirs located
at different heights.

Icfentification of Site

•Possible sites were identified along the
• Pumps bring the water to the upper west coast based on their topography.
reservoir, while gravity brings it back to
•From further examination of their head
the lowo' reservoir driving turbines.
height, proximity to the shore and natural
• To achieve the targets detailed under the landscape three sites with high potential
European Renewables Directive the were selected.
NREAP stipulates 40% of the total
electricity consiuned in Ireland is to be •These were Glanlough Co. Kerry,
Eskatarrif Co. Cork and Ben Gorm Co.
from renewable sources by 2020.
Mayo.
• In 2011 the total quantity of electricity
consumed fr(xn renewable sources was •A weighted points system was developed
17.6%W, as a result Ireland requires a assess these sites on seven different
significant expansiem of its renewable criterion, with the weighting reflecting the
energy infrastructure.
criterions importance to the schemes
• PHES schemes can be used to improve success.
the efficiency of fossil fuel powered •Table 1 shows the breakdown of the
plants, or as a method of storing possible 27 points available.
unpredictable renewable energy sources.

Identification of Site
Total Head — refers to the height above sea Distance to Outlet— refers to the distance to
level calculated from the lowest point on the the nearest outlet for the generated power,
only power stations rated at 1 lOkV or more
proposed reswvoir cross section.
were considered.
Horizontal Distance to Source — refers to
the horizontal length of penstock pipe Impact on Protected Areas- refers to
required. The longer the distance the greater whether the site will impede on a Natura
the friction losses that will be incurred. The 2000 site (SPA, SAC and/cx NHA). This
length was calculated from the reservoirs project would not be considered necessary
to the managememt of the site, tho-efexe
lowest point to the closest coastal point
requiring an Apprq)riate Assessment (AA)
Average Regional Wind Speed- refers to
to be undertaken.
the average wind speed in the projects
vicinity, good wind ^eeds allow for wind Aesthetic Impact- refers to the visual
energy generation which could be utilised impact the construction of the project would
by the project Wind turbines goierally start have. Cut/fill work and the smoothing of the
up at ^eeds of 3-5m/s with the optimal topograplty would alter the natural
wind speed being roughly ll-14m/sf*l This landscape inflicting a visual impact on the
surroimding areas.
was reflected in the awarded points.

'Socioeconomic

. ^jj.

'Fl(xa and Fauna

. Landscape
• Material Assets

'Water
The site impeded on both an SAC and SPA,
he construction fhase was foimd to have
agniflcantly more impacts ccanpared to the
iperational [^ase.
The scheme pr(^osed would have an upper
leservoir of roughly 185 hectares with a
Sorage capacity of 2.286xl08m3. The
»ervoir will be roughly 650m from the
»ast with a head in the r^iext of 310m, four
i.25m penstock pipes are to feed the four
J28MW rated turbines.

Killarney National Park SAC
•This SAC covers a large area in both Co.
C<xk and Co. Kerry. The (xotected species of
flexB and fauna found in the habitats available
at the site are Alpine Heath, the Keny Slug
and the Lesser Horseshoe Bat N
•Both the Alpine Heath and Kerry Slug are to
be removed from the sites footprint and
relocated prior to construction.
•Studies have shown Alpirre Heath in the area
to relocate successfully in the pastl^l, while
numerous nearby habitats mat<* tire Kerry
Slug’s needs.
•Ccmstruction practices are detailed to protect
the Lesser Hexseshoe Bats in the regicxr.

Topography/Teirain - refers to the current
natural shape provided by the site. An
example of how the cut/fill requiremmits and
potential volume were estimated can be seen
in Fig.2.

^J|^^xcdR^rese^aao^rfGb|doa|^2£s^Kt1m

I Environmental Analysis

Fig. 2 Googje Earth View of Glanloagh Site

Fig. 2 shows the chosen project site,
Glanlough in Kerry’s Killinly Commons
Mountains.

Table 2 Site SelecUan Awarded Points

Table 2 shows the total points attained by
each site, indicating the Glanlough site in

^oJKorj^sTiavin^iemwt^otaitia^^^

Environmental Analysis
The environmental resources examined were:

Table 1 Weighted Potaits ^atem

The environmental analysis undertaken
investigated the impacts of the proposed
scheme during the construction and
operational phases of the project. Mitigation
measures were proposed to minimise these
potential impacts.

Conclusion
Iveragh Peninsula SPA‘<J
This SPA is located along Kerry’s West
coast and is comprised predominately of
sea chffs, sand dimes and the first 300m
of land adjacent to the shoreline.
The protected species are comprised of
five bird species who nest on sea cliffs.
The sites topography gently slopes to
sea-level resulting in the absence of sea
cliff breeding sites on the projects
fooqrrint.
As the site will not impede these ^ecies
habitats the project is not expected to
significantly impact on the species,
however construction practices are
detailed to ensure their protection.
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The environmental analysis showed the
constmetion i^rase will contain the
majority of the impacts.
The rural locaticxi resulted in limited
sensitive receptexs to the impacts, such as
air and noise pollution.
The most significant impacts would be cm
the regions flora and fauna, the mitigation
measures pxopx>sed were reviewed and
^proved hy the National Paiks and
Wildlife Sav ice.
Howeva onsite physical surveys to verify
the qualitative analysis would be
necessary.
SWPHES infrastructure is envirotunentally
feasible for Ireland, but econcanic analysis
would be reccmimended.
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Introduction

Aim: The aim of the project is to evaluate if
Seawater Pumped Hydro Energy Storage
(SWPHES) is an environmentally viable form
of energy infrastructure for Ireland on a large
scale.

Date: 25"' September 2014

European Renewables Directive
16% of ail energy consumed is to be from renewable
sources by 2020.
Ireland’s National Renewable Energy Action Plan:
• 10% RES-tH
•12%RES-H U By 2020
• 40% RES-E

J

Electricity Demand Trends
SEAl’s 2013 report “Energy in the Residential Sector”
states that:
♦ The residential sector accounted for 27% of the total
electricity consumed in 2011.
• Between 1990 and 2011 the average dwelling floor area
increased by 19%.
Permanently occupied
residences grew by
64%.
A continually increasing
trend.

The RES-E value in 2011 was 17.6%.

Electricity Demand Trends

Traditional Hydro Vs SWPHES
-

• The Large Industry Energy Network (LIEN):

-

^
-

{
Three Gorges Dam in
China

• Consists of 140 of Ireland's biggest energy users,
• These account for 60% of the total electrical demand of the industrial
sector.

■ The groups purpose it to strive to improve and
sustain healthy energy management.
■ Showing that the “green” image is becoming
increasingly important for a successful business.
These trends indicate continuously rising renewable
energy demand, requiring infrastructure
development.

««• ffighi) M

Hrfi)
Boundary

The Okinawa
SWPHES project in
Japan

SWPHES

Identification of Site
Potential sites on the west coast were identified based
on their using OPW’s Oblique Imagery Survey of
Ireland’s Coastline.

Identification of Site
Google Earth allowed for further examination of the
sites head height, proximity to the shore and the
natural landscape shape

Identification of Site
Glanlough Co. Kerry

Eskatarrif Co. Cork

s^

O

'

.A
N

Ben Gorm Co. Mayo

'O -

’

a

^ N
Ben Gorm in County Mayo

Site Selection
Weighted points system developed relative to these
sites.
Weights applied to each criterion reflect its importance
to the schemes overall success.
Stte Selection Points System
Crtterion
Topography / Terrain
Tbtai Head
Horf2ontal Distance to Source
Average Regional Wind Speed
Distance to Outlet
impact on Protected Areas
Aesthetic Effect
Total

Number of AvailaiHe Points

Topography/Terrain
Refers to the natural shape provided by the site.
Judged on cut/fill required and potential volume.

Topography/Terrain

Topography/Terrain

EsiuKarrlf Crou Sactior
t'OfUffV at

^***2 + ^2*^

U«1331in
l}« 1540m
fi = Av«r^ of

& l,yt s 7Mm

Volume « 125.709,072 m’
=

Gorm Cross Section (Resorvoir 1)

1-297I10* m’

Ren Gorni Cross Section Reservoir 2

—
\ \

• ‘v.‘ 2»i-12(«

Topography/Terrain

Total Head

Topography & Terrain Summary Table
C(4

FH

Minimi

Ne^labte

Volume (m^

Score /4

2.286x10^

4

Extensive

Mtnlmai

6.21510^

3

Exterrsfve

Extensive

7.324x10^

2

Refers to the total head height above water.
Measured from the base of the simplified cross
sections.
100-199m = Spoints
200-299m = 4points

Turlough Hill:
• Reservoir capacity =

300-399m = Spoints

2.3x10«m3
Total Head Summary Table
T<^al Head (m)

Cork tnstHute

Horizontal Distance to Source
Refers to the approximate length of penstock pipeline
required.
2500m+

=1 point

500-1000

= Spoints

1500-2500m

= 2points

0-500m

= 4points

Horizontal Distance to Source Summary Table

Average Regional Wind Speed
Six average wind speeds for each site determined using
SEAl’s Wind Atlas
B"
,✓

0-4m/s =

1 point

5-8m/s =

2points

e

9-10m/s= Spoints

Total Distance (m)

11-14m/s = 4points

650

Average Regional Wind Speed Summary Table

3000

Wnd ^>eed (mAi)
23^

9.00
8.75
B.00

Cork tmtitutc of Technology

Distance to Outlet

Impact on Protected Areas

Distances determined using the ESB High Voltage
Network and Station Maps.
0-20km
21-40km
41-60km

NPWS Map Viewer was used to

= 3point
= 2points
=1 points

Horizontal Distance to Outlet Summary Table
Total Distance (km)

Aesthetic Impact

Final Site Selection
Site S^ectlon Points System

Glanlough Site

Criterion

Glanlough Score

Eskatamr score

Ben Gorm Score

Topography / Terrain
Total Head
Horizontal Distance to
Source
Average Regional Wind
Speed
Distanceto Outlet
Impact on Protected Areas
Aesthetic Effect
Total/27

Glanlough Site in Kerry's Killurly Commons Mountains
deemed to have the most potential.

Project Description
' 185 hectare upper reservoir.
' With a head height of 310m.
' Dam required for reservoirs north
face (approx. 600x120m).
' All penstock tunnels, access
tunnels and the powerhouse are
to be located under ground.
4x3.25m diameter penstock pipes are proposed.
' 4xReversable pump-turbine unites each rated at 328MW.
Total installed capacity is 1312MW.
Atlantic Ocean would act as the lower reservoir.
Inlet/Outlet structure would be located below low tide level
and protected by a core-loc armour brealovater.

Environmental Assessment
Socioeconomic
Flora and Fauna
Soil
Water
Air
Landscape
Material Assets
Construction and operational phases examined.

Socioecx)nomic
Population within 65km of site » 20,000persons
Five towns with this 65km identified as having
high unemployment rates.
Existing infrastructure expected to meet
increased demand.

Fauna
Commonly Found
Species
•
•
•
•
•
•
•
•

Red Deer
Natterjack Toad
Manx Shearwater
Storm Petrel
Wren
Robin
Grey Seal
Dolphin

Construction phase would be
hazardous to fauna increasing
heavy vehicle fraffic, extended
human presence and increase
noise and artificial light levels.
Biological monitors are to
designate safe working sites.
Breakwater installed prior to any
work on the inlet/outlet structure.
Exclusion fencing maintained
during projects operation to
minimise drowning risk.

V\^ter
* Rainwater falls into the centre of the
valley and follow the sloped topography
into the ocean.
-Water quality rated as “Good” - EPA.
■ High-density polyethylene (HOPE)
textured geomembrane lining proposed
for leak protection.

Flora
Commonly Found
Species:

Biological monitors will be on
site to oversee all flora removal
works.
All flora will be removed prior to
construction.
Operational phase not
significant as flora will have
been removed.

• Western Gorse
• Rhododendron
Ponticum
• Fuchsia Magellanica
• Montbretia
• Spiranthes
Romanzoffiana

Soils
•Soil type - Peat type soils
•Subsoil type - Bedrock
•Peat soil identified as a subsidence
risk due to heavy machinery.

Air
•Air quality rated as “Good” - EPA
'Temporary exhaust pollution during
construction.
‘Noise pollution measured using the
A-weighted decibel scale.
•Noise not expected to surpass
60dBA or “Relatively quiet,
dishwasher indoors at 3m”

Landscape
> Construction will induce large unavoidable
changes.
' Cut/Fill material to be reused while
commonly occurring vegetation is to be
replanted.
' The proposed dam structure will be hidden
from most receptors.
Dam is to incorporate long soil beds allowing
for vegetation growth.

Killamey National Park SAC
' SAC covers large area in Cork and Kerry.
' Protected species include Alpine Heath, The
Kerry Slug and the Lesser Horseshoe Bat.
Studies have indicated Alpine Heath and Kerry
Slug to relocated successfully in the past.
Lesser Horseshoe Bat to be protected through
construction practices.

Material Assets
' Site will not impede on a known area of
architectural, archaeological or cultural
heritage.

Iveragh Peninsula SPA
> Located along Kerry’s West coast comprised
of predominately sea cliffs, sand dunes and
the first 300m of land adjacent to the
shoreline.
’ Five protected bird species who nest of sea
cliffs.
The sites topography gently slopes down to
sea level resulting in the absence of sea cliff
nesting sites.

Conclusion
• Environmental Analysis showed the construction phase
will contain the majority of the impacts.
• The rural location resulted in limited sensitive receptors to
the impacts, such as air and noise pollution.
• Most significant impacts would be on the regions flora and
fauna, the proposed mitigation measures were reviewed
by the NPWS
• Onsite physical surveys to verify the qualitative analysis
would be necessary.
• SWPHES infrastructure is in principal environmentally
feasible for Ireland, however economic analysis would be
recommended.

THANK YOU FOR
LISTENING
Any Questions?
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